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HE chief in a large power house asked 

one of the watch engineers, a young 

man, to attend to some minor routine 
work temporarily. The work was a little be- 
neath what the young man thought he was 
hired for. Besides, he thought that he was 
too good an engineer to be picked out to do 
this bit of routine. 


He considered that it was below his dignity. 


Why could not the chief have asked a fire- 
man to do the work? Anyhow, why did he 
not.ask one of the men on the other watches? 
Those other fellows had an easier time of it 
than he. 


The young man brooded on in this man- 
ner until he became an ordinary “ grouch.’”’ 
He sulked and did not do as he was told. 


The result was that he was unceremoniously 
“fired. ”’ 


The chief had no intention of imposing on 
him or showing favoritism to the others. 
In fact, up to the time of the episode just 
related, the young man stood highest in the 
opinion of the chief. — 


What then was the cause of the young man’s 
downfall? Nothing in the world but the 
influence which he allowed jealousy to have 
over his imagination. 


__ This case is not as sad as it might have been. 
"he.man is young and intelligent. He proba- 
bly will discover that 
it is unprofitable to 
allow his emotions . 
to blind his reason. 


We could go on 
and recount ~ thou- 
sand ane stories 
‘ror aie, all with 
“le same moral. The 
well known dog-in- 
the-manger yaru has 


the same underlying theme. Because “‘Tige’’ 
could not eat the oats he was unwilling that 
“Dobbin’’ should. There are a wonderfully 
large number: of human “ Tiges.’’ 


Probably no other emotion in the whole 
complex category of human nature has a 
greater influence against progress on the part 
of both the individual and the nation as 
jealousy. History teems with evidence of 
this fact. Jealous fear on the part of a few 
retarded the spread of education for centuries. 
Innumerable battles have been lost through 
foolish, childish jealousy on the part of the 
leaders. Business houses have gone down 
to ruin simply because the managers would 
not trust one another and were jealously 


suspicious of each other’s motives. 


“A house divided against itself cannot 
stand.”’ 

This applies in the power plant just as 
truly as anywhere else. To make the suc- 
cess of the individual possible, the success of 
the plant must first be accomplished. Each 
must put his shoulder fairly to the wheel and 
push. 

A man’s character is influenced by his 
emotions. His emotions are to some extent 
under the control of his reason. 


The strong man strives to rule his emotions 
by his reason; the weak one allows blind pas- 
sion to dictate what his actions shall be. 


Never yet did an 
act inspired by jeal- 
ousy secure a lasting 
benefit for anyone. 


On the other hand, 
generous motives of- 
ten have prompted 
acts which unexpect- 
edly have been hand- 
somely rewarded. 
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New Power Station at Scranton, Penn. 


The new power station recently ervcted 
for the Scranton Street Railway Company 
was designed, not only to meet the de- 
mands for more power, but also for the 
purpose of eventually replacing the old 
powerstation. The old station had met with 
a number of mishaps which had crippled 
the service at times and had forced 
the company to purchase power from one 
of the suburban companies. An attempt 
was made a few years ago to increase 
the output by the installation of an ex- 
haust-steam turbine, which installation 
was described in Power of March, 1906. 
This turbine installation was more or less 
successful and bridged over some of the 
difficulties, but it is believed that the 


By F. W. Brady 
and C. J. Mason 


An uptodate, 1000-kilowatt 
plant supplying direct cur- 
rent for street-railway ser- 
vice. A poor quality of 
culm 1s used for fuel, but in 
spite of this the plant shows 
a high efficiency. 


This stream is 


for condensing purpoces. 
black and turbulent, containing much 
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whole equipment of the old station will 
soon be superseded by the more modern 
one herein described. 

The new station, built of red brick and 
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steel with reinforced concrete founda- 
tions, stands upon an ash dyke at the 
rear of the old plant and is close to the 
Lackawanna river, which furnishes water 


EXTERIOR VIEW OF PLANT 


sewage, and is charged with acid-mine 
water. At certain seasons it overflows 
its banks and causes considerable dam- 
age to surrounding property. The founda- 


flooded should the river rise unusually 
high. 

With the present installation the capa- 
city of the new plant is 1600 kilowatts, 
which is the same as that of the old 
one. An extension, when completed, will 
double this capacity. The foundation for 
the addition to the engine room is ready 
to be built upon as can be seen in the 
general view, Fig. 1. The boiler house 
requires but three more boilers to com- 
plete the original plans. The boiler room 
is especially roomy, well ventilated and 
light, and the equipment is arranged to 
facilitate overhauling and repairs. There is 
no cellar under the boiler-room floor, but 
under the engine room there is a base- 
ment in which are located the circulating 
pumps, oil tanks and filters. 


BOILERS 


The plant contains five Stirling boilers 
with room for a future installation of as 
many more. Fig. 2 shows the front of 
one battery of boilers with the coal 
bunkers and measuring chutes. Each 
boiler has 4348 square feet of heating 
surface and 136 square feet of grate sur- 
face, and is rated at 435 horsepower, 
making a total of 2175 boiler horsepower 
at present installed. The ratio of grate sur- 
face to heating surface is 1 to 32. The 
steam drums are made in one plate, of 
open-hearth flanged steel having 54,000 to 
62,000 pounds tensile strength, with 
double-riveted, butt joints. The boilers are 
allowed a working pressure of 180 pounds 
per square inch, although the safety 
valves are set to blow off at 165 pounds. 

The furnaces are equipped with Wildt’s 
patent grates. These grates consist of a 
number of individual rocking grate bars; 
each bar made up of a number of fan- 
shaped cast-iron sections strung on two 


tion of the engine-room portion 
above the high-water level of the river, 
but the floor of the boiler room is lower 
and there is a possibility of it being 


rises 
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rods and clamped together. The sections 
have suitable bosses and recesses so that 
when clamped together they are not only 
properly spaced but also form one rigid 


ine 
- 
wen 
» 
] 
Py 
Py 


August 30, 1910. 


bar. If a section at any part of the bar 
needs replacing, the repair is made by 
knocking out the defective section and 
adding another at the end of the rod. For 
burning culm, taken directly from the 
dump without any sorting or cleaning, a 
grate with %-inch air spaces is used. 
This fuel is hand fired, the depth on the 
grates being about i2 inches. It has been 
found desirable to use a small amount 
of superheated steam from jets placed 
under the grates to prevent clinkering. 


Each boiler is equipped with a Copes 
automatic feed regulator. The feed water 
is discharged from the pump into a 
4-inch pipe, thence into a 5-inch main. A 
venturi meter having a combined register 
indicator and graphic recorder is con- 
nected to the main. From this main, a 
2\%-inch pipe leads to each boiler. All 
the drips from the steam header and sep- 
arators are trapped to a 5000-horsepower 
Cochrane heater. These drips may be by- 
passed to the river in case the heater is 
out of service. 


FEED PUMPS 


There are two 4-inch, two-stage cen- 
trifugal boiler-feed pumps, each direct 
connected to a De Laval turbine rated at 
55 horsepower. One of these pumps is 
shown in Fig. 4. Each pump is capable 
of delivering 250 gallons of water per 
minute against a head of 382 feet. The 
speed variation is not more than 4 per 
cent. from no load to full load. On each 
pump there is a Ford regulating valve 
placed between the throttle and turbine. 
At present the feed water is delivered to 
the boiler at 165 degrees Fahrenheit. 

The steam leads from each boiler are 
7 inches in diameter and connect with 
12- and 14-inch headers located in front 
of each battery. From these headers 10- 
and 12-inch lines run to two Cochrane 
receiver separators, and from one of 
these separators a 12-inch main sup- 
plies steam to the engine. The other 
separator is blanked for a future unit. 
A 4-inch auxiliary steam line connected 
to the boilers furnishes steam direct to 
the dry-air pump, the four fan engines, 
and the two turbine-driven boiler-feed 
pumps. The valves in all the large mains 
have bypass connections. 


MECHANICAL-DRAFT APPARATUS 


The mechanical-draft apparatus con- 
sists of two forced-draft fans and two 
induced-draft fans capable of handling 
a total of 4000 horsepower when burning 
anthracite culm. 


Each forced-draft fan is 9 feet in 
diameter and is direct connected to a 
9x8-inch vertical engine. Fig. 4 shows 
one of these fans located near one of 
the boiler-feed pumps and the Cochrane 
heater. The capacities of these fans, 
based on the burning of coal at the rate 
of six pounds per horsepower-hour, are 
.as follows: 
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31,410 44,200 54,300 62,700 
Revolutions per minute. 106 149 183 211 
Brake horsepower...... 6.5 12.5 23.3 5.1 
Dynamic pressure...... 0.43 inch 0.85 inch 1.3 inches 1.7 inches 


The speed of the fans is controlled by 
the draft requirements through the 
medium of a Spencer damper regulator 
conne cted to a Fitts chronometer-regulat- 
ing valve located near the throttle in 
the steam-supply pipe. 


Fic. 4. HEATER, FEED PUMP AND FORCED-DRAFT UNIT 


The 


induced-draft fans each have 
wheels 11 feet in diameter and are of 
the following capacities, based upon a 
frictional resistance of 6214 per cent. of 
the free discharge, with the temperature 
of the escaping gases 550 degrees Fah- 
renheit. These fans are located on an 
elevated structure—see Fig. 3—between 
the boiler settings and are driven by 
vertical slide-valve engines, the speed of 
which is automatically controlled by a 
special regulator to meet the draft re- 
quirements: 

The capacities of these blowers are as 
follows: 


Cubic feet of air per minute............ 83,376 
Revolutions per minute................ 163 
19 


ENGINE AND PIPING 

At present there is but one engine, but 
provision is made for the installation of 
a similar one at some future time. This is 
a 2400-horsepower 30 and 62 by 54-inch 
Rice & Sargent cross-compound condens- 


= 


94,560 105,600 
186 208 
33.6 41.8 
.75 inch 1 inch 1.25 inches 


ing engine running at 100 revolutions per 
minute and direct connected to the gene 
erator. The low-pressure cutoff is so de 
signed that it can be either automatically 
controlled by the action of the governor 
on the high-pressure cylinder, or it may 
be changed to a fixed cutoff. 

The main steam pipe to the engine is 
12 inches in diameter and the exhaust 
pipe from the low-pressure cylinder to 
the condenser is 30 inches in diameter; 
in the latter there is a gate valve operated 
by anelectric motor. From this pipe a 20- 
inch pipe runs outside the building and 
up to the roof where it is topped with a 


ic feet of air per min- ‘ 
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20-inch Sterling free-exhaust head. In 
the 20-inch line is placed an automatic 
free-exhaust valve, so that the exhaust 
may be bypassed around the condenser in 
case of derangement of the latter. The 
low-pressure drips are all trapped into 
the river. 

All the high-pressure piping for steam 
and water is made of extra-strong, lap- 
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welded soft steel. Corrugated-copper gas- 
kets are used in all joints of pipes, 2% 
inches and over. 


OILING SYSTEM 
The engine is supplied with oil by a 


“continuous-flow gravity system; the oil 


being forced from the filters, located in 
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the basement, up into elevated tanks by 


air pressure obtained from the dry-air 


pump. 
THE GENERATOR 
The generator is of the General Elec- 


POWER AND THE ENGINEER 


tric direct-current, compound-wound type, 
of 1600 kilowatts capacity and delivers 
current at 575 volts when running at 100 
revolutions per minute. The efficiency at 
full load is 95.7 per cent.; at three- 
quarters load, 94.5 per cent.; at half load, 
92.5 per cent., and at 50 per cent. over- 
load, 95 per cent. One hundred per cent. 
overload may be carried momentarily 
without injurious sparking. Fig. 6 shows 
the generator and part of the engine. 

The switchboard, as shown in Fig. 7, 
is of simple construction, consisting of 


two panels, fitted with a clock, ammeter, 


voltmeter, circuit-breaker, wattmeter, and 
main switch. The control switchboard 
for the motors operating the auxiliaries is 
attached to the wall at the corner of the 
room. 


BAROMETRIC CONDENSER 


The condenser is of the Helander type 
and is shown in Fig. 5. The inlet for the 
exhaust steam is 30 inches in diameter, 
and the cooling-water inlet is 12 inches. 
The diameter of the tail pipe is 18 inches 
and there is a 6-inch connection for the 
air-pump suction. The capacity is 48,000 
pounds of steam per hour, with the cool- 
ing water at 80 degrees Fahrenheit, using 
3600 gallons of cooling water per min- 
ute and maintaining a 27-inch vacuum. 
The condenser is made of special acid- 
proof metal, and is guaranteed to give at 
least three years’ service when using the 
acid water from the Lackawanna river. 


Dry-AIR PuMP 


The dry-air pump is of the crank and 
flywheel type, made by the Mesta Ma- 
chine company, and has a capacity of 
550 cubic feet per minute. The steam 
is supplied at boiler pressure, and the 
exhaust is led to the Cochrane heater. 
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with extended bedplates, direct-connected 
through flexible couplings to 75-horse. 
power electric motors. They have a capa- 
city of 4000 gallons per minute, with a 
head ranging from 60 feet at starting 
to 40 feet while running. The total head 
referred to includes suction, discharge 
and friction lifts, based on measurements 
from the center line of the gumps. 


There is a strainer at the bcttom of 
each suction pipe as well as a nonreturn 
valve made of acid-resisting bronze. The 
12-inch discharge pipes from the pumps 
connect into a main 16-inch discharge. 


OPERATION 


The operating force consists of one 
chief engineer in charge of the two sta- 
tions, two watch engineers, two oilers, a 
cleaner, three firemen, three firemen’s 
helpers, an ash man and a man to look 
after the blowers, making a total of 
thirteen men, exclusive of the chief. The 
station is operated only from 7 a.m. till 
midnight, the old plant carrying the load 
during the early hours of the morning. 


The induced- and forced-draft systems 
are used simultaneously. Four boilers 
are in use all the time, leaving one cut 
out for cleaning and overhauling. Culm 
is used entirely for fuel, 35 to 40 tons 
being consumed per 24 hours, and the 
fires are cleaned but once a day. The 
ashes are removed by hand at the fur- 
nace fronts and are pushed away in 
steel dump cars. 

At present, the culm is hauled in horse 
carts from a nearby railroad siding and 
is dumped on the ground under the 


trestle; from here it is picked up by a’ 


Sprague one-ton clam-shell lift, and is 
conveyed into the boiler room and dumped 
into a bunker located over the aisle be- 


CIRCULATING PUMPS 


There are two 12-inch double-suction 
centrifugal, volute, circulating pumps, 
made by the Jeanesville Iron Works. 
These are of the horizontal-shaft type 
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tween the boilers and extending the entire 
length of the boiler room. The culm is 
dumped onto the boiler-room floor through 
swinging chutes in which are installed 
Havard coal meters. Eventually the 
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culm will be brought direct to the trestle 
by cars from the railroad siding. The 
culm is of the poorest quality, unwashed 
and dirty, just as taken from the dump 
at the mine, and costs but little more 
than that required for the hauling and 
handling. A freshet in the river some- 
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times deposits considerable culm on the 
banks near the boiler room; this is car- 
ried into the fire room and fed to the 
furnaces at a cost of the laborer’s wages 
only. 

The results of a 10-hour efficiency test, 
conducted at about the time the plant was 
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placed in service, showed 2.73 pounds 
of culm to be consumed per horsepower- 
hour and a steam consumption of 15.33 
pounds of water per horsepower-hour 
(including both engine and auxiliaries). 


- The boiler efficiency ranged from 55 to 


61 per cent. 


Mercur Gage from Stock Fittings 


A mercury gage which can be put to- 
gether from stock fittings, and which 
possesses several advantages, was re- 
cently assembled by William A. War- 
man, mechanical engineer of the Keeler 
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Mechanical Engraving Company, of New 
York. 

Brass being out of the question, two 
sets of malleable-iron ammonia gage- 
glass fittings were procured and mounted 


upon a plate of %4-inch iron 48 inches in 
length and 6 inches wide, with a stiffen- 
ing rib of 1'%4-inch T-iron riveted to its 
back as shown in section FF of the out- 
line drawing. 

The plates for supporting the guard 
rods are fastened together at AA, and 
threaded rods with nuts at BB are used 
in place of the ordinary guard rods to 
resist any tendency to separate under 
pressure. 

The smallest fittings procurable were 
for 34-inch glasses, and, in order to avoid 
the use of the large quantity of mercury 
which it would have taken to fill these, 
blued-steel rods 5/16 inch in diameter 
were run centrally through the glass 
tubes, leaving only the annular spaces 
between the rods and the glass to be 
filled by the mercury. The contrast be- 
tween the dark rod and the bright mer- 
cury makes the gage easy to read. 

Upon the top mounting at C is fastened 
the spring case of a pocket steel tape 
which is returned to the case by a spring 
when a button upon fhe side is pressed. 
This button is permanently held down so 
that the tension of the spring is always 
upon the tape. The free end of the tape 
is attached to a slide D upon the left- 
hand guide rod, which slide carries an 
indicator the point of which is in line 
with the zero of the tape and touches the 
left-hand gage glass. Another slide E 
upon the right-hand rod carries an arm 
which passes behind the gears and has an 
index reaching to the tape. 

The slide D is moved so that its pointer 
is at the level of the mercury in the left- 
hand tube, and the slide E is adjusted so 
that its index is at the level of the mer- 
cury in the right-hand tube. The top in- 
dex will then point directly to the dif- 
ference in the mercury levels upon the 
tape. 

A pet cock is provided at the top for 
filling the tubes and a plug at G for 
drawing off the mercury. The gage is 
mounted upon an _ adjustable iron 


stand as shown in_ the reproduced 
photograph. 


Nothing but stock fixtures and material 
were used and the cost exclusive of labor 
did not exceed $14. 


It is related that when the Massa- 
chusetts license law went into effect there 
was among the applicants for a fireman’s 
license an old man who for years had 
been employed in one of the suburbs of 
Boston cooking garbage which was used 
for feeding hogs. Replying to the varied 
questions of the examiner he gave a 
description of the plant, method of feed- 
ing by city water pressure, etc. On be- 


ing asked what steam pressure was car- 
ried he said with a rich brogue, “Tin 
pounds, Sorr.” “Now,” said the examiner, 
“vou carry ten pounds pressure to do 
your work. Suppose that while you were 
busy and not noticing what was going on 
the steam pressure should run up to 50 
pounds, what would you do?” 

With eyes wide with astonishment at 
the display on the part of the examiner 


of such abysmal depths of ignorance of 
the art of swill boiling, and trembling 
with indignation at the thought that such 
carelessness could be even mentioned in 
connection with him, he hastily and hotly 


said: 


“Oh, Sorr! The likes of ye shud know 
that it wud never do at all, it wud blow 
the schwill all to hell.” 
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Air Supply 


While this article will treat of the con- 
ditions affecting economy in burning coal 


in the boiler furnace, little or no atten-~ 


tion will be paid to the design or ar- 
rangement of the furnace itself. The lo- 
cation and general arrangement of all 
baffles and heating surfaces have a direct 
and important bearing on the efficiency 
obtained, but this is a means to secure 
the desired result and requires a different 
treatment than the conditions conducive 
to economic combustion. 

Only the better grades of anthracite 
will be considered here, as a complete 
discussion of all grades of coal would 
make this article of too great length. 
Then too, a similar discussion covering 
the bituminous and semi-bituminous coals 
is more complex and difficult to compre- 
hend, so that a rational method of treat- 
ment would seem to be a discussion of 
anthracite first. 

For the greatest efficiency in the op- 
eration of the steam boiler, the flue gases 
must be maintained at the highest pos- 
sible temperatures; provided, of course, 
that these temperatures do not reach 
values unduly destructive to the surfaces 
exposed to the heated gases. A moment’s 
reflection will show why this is true. 
With intelligent firing the flue gases will 
be discharged to the stack at a fairly 
constant temperature. All heat contained 
in these gases is lost as far as the boiler 
is concerned. The temperature of these 
gases should be reduced by the heating 
surfaces to at least 600 degrees Fahren- 
heit, which is high, 500 degrees or less 
being considered good operation where 
no economizers are used. The gases will 
be reduced to approximately this tem- 
perature irrespective of the furnace tem- 
perature; hence, the higher the furnace 
temperature, the greater the drop in tem- 
perature, and therefore the greater 
amount of heat absorbed by the boiler. 

In order to obtain the fullest advantage 
of the heat value of the fuel it is evident 
that complete combustion must take place. 
This demands a sufficient supply of 
oxygen to unite with the entire combus- 
tible content. A further supply of oxygen 
is useless as far as combustion is con- 
cerned, and, in that it is discharged at 
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and Boiler Efficiency 


By A. B. McIntyre 


Method of figuring furnace tem- 
perature due to the complete com- 
bustion of anthracite coal under 
adeal conditions and when the atr 
supply rs equal to that theoretically 
required. Loss due to incomplete 
combustion consequent to an insuf- 
ficient air supply. Loss due to 
excess aw. 


sion the constituents of several of the 
better grades of anthracite will be ex- 
amined. Table 1* shows the results of a 
proximate analysis of several such coals. 
When first fired, except for a slight tem- 
porary chilling of the gases, the moisture 
has little effect upon the burning qual- 
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quired to raise the water to 212 degrees 
are, 
0.0371 (212 — 50) = 6.01 
The B.t.u. required for the latent heat of 
evaporation are, 
0.0371 x 970.4 = 36 

The B.t.u. required for superheating to 
500 degrees are, 

0.0371 x 0.48+ (500 — 212) = 5.13 
The total is 47.14 B.t.u. per pound or 
about 0.34 per cent., which is well within 
the limits of other errors involved in 
this class of work. 

In a similar way the ash represents a 
loss to the ashpit. The sulphur content is 
very small and its comparative heating 
value negligible. Its presence is very 
undesirable, however, as it produces rapid 
deterioration of the iron work and also 
mixes with the ash to form a fusible slag 
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Fic. 1. RELATION BETWEEN AIR SUPPLY AND FURNACE TEMPERATURE 


ities but represents a loss inasmuch as 
the heat required for its evaporation and 
superheating to stack temperature is not 
available to the boiler. For the coals 
under consideration this loss is quite 
small, as will best be seen by example. 


TABLE 1.* PROXIMATE ANALYSIS OF ANTHRACITE COALS. 


B.t.u. 

per 
Fixed Volatile Pound 

Designation. Moisture.| Catbon. Matter. Ash. Sulphur.| Coal. 
1 Northern coalfields............... 3.42 83.27 4.38 8.20 0.73 13,160 


stack temperature, represents a direct 
loss of heat. 
Before taking up the general discus- 


*From Kent’s “Steam Boiler Economy.” 


Take sample No. 2, containing 3.71 per 
cent. moisture. Assume the air tempera- 
ture to be 50 degrees and the stack gas 
temperature, 500 degrees. The B.t.u. re- 


which chokes up the air spaces in the 
grates and is difficult to remove. The 
percentage of volatile matter in anthracite 
is very low. In fact, it is the percentage 
of volatile matter that determines whether 
a coal belongs to the anthracite or bitumi- 
nous class. The lower limit in anthracite 
is generally taken at 714 per cent. Unlike 
that of the carbon content, the heat value 
of a given quantity of volatile matter is 
not constant and may vary, roughly, any- 
where from one-third below to one-third 
above that of carbon. The burning of 
the small amount of volatile matter pres- 
ent in anthracite does not present any 
difficulties, so its discussion will be left 
for a similar article on bituminous coal. 
Practically all of the heat value of a coal 
depends upon its carbon and volatile-mat- 


7*Specific heat of steam. 
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ter content. As noted above, the per- 
centage of volatile matter contained in 
anthracite is very low, and for the pur- 
poses of this article will be considered 
to have a heat value equivalent to carbon 
in the calculations of the furnace-gas 
temperatures. The error thus introduced 
will not be much over 1 per cent. in the 
majority of cases. 

In its combustion carbon changes to 
an invisible gas. If a limited supply of 
oxygen is present, carbon monoxide (CO) 
will be formed; if a surplus exists, the 
carbon will all pass off as carbon dioxide 
(CO.). The burning of one pound of 
carbon to CO liberates 4450 B.t.u.; while 
if complete combustion takes place, that 
is, if the carbon changes to CO., 14,500 
heat units will be set free. Part of this 
heat is lost by radiation and the re- 
mainder is accounted for by the increased 
temperature of the gases involved in com- 
bustion. The amount lost by radiation is, 
or should be, comparatively small and 
will be neglected in the calculations. The 
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ture will be probably not far from 50 
degrees and the effect of this upon the 
resulting temperatures may well be 
neglected as it will introduce but very 
small error. Table 2 gives the specific 
heat at constant pressure of the several 
gases involved in the calculations. 


TABLE 2. SPECIFIC HEAT OF GASES AT 


CONSTANT PRESSURE. 
Substance. Specific Heat. 


Carbon monoxide (CO).......... 
Carbon dioxide (CO,)........... 
Steam (Regnault).............. 


These specific heats are not constant 
quantities, but vary more or less with 
the temperature. In the case of air it 
is quite likely that the specific heat 
reaches a value as high as 0.29 for the 
temperatures obtained in the boiler fur- 
nace. 

The burning of one pound of carbon 
to CO requires 1.33 pounds of oxygen, 
produces 2.33 pounds of CO, and evolves 
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following give the chemical reactions for 
the combustion of carbon, and also the 
combining weights: 


Relative weight 12 +16 = 28 
Proportion 1+ = 21 
Element = CO, 
Relative weight 28 +16 = 44 
Proportion 1.571 
Element C + 20=CO, 
Relative weight 12 + 32 = 44 
Proportion s+ 33 = 


By taking carbon as unit weight it is 
found that one pound of carbon unites 
with 1.33 pounds of oxygen to form 2.33 
pounds of CO, and one pound of carbon 
unites with 2.67 pounds of oxygen to 
form 3.67 pounds of CO.. 

The maximum temperature obtained by 
burning one pound of carbon in pure 
oxygen will now be calculated. The tem- 
perature above 0 degrees Fahrenheit of 
the supporter of combustion will in all 
cases be neglected. The average tempera- 


4450 B.t.u. The maximum temperature 
reached will be 
4450 


2.33 X 0.248 degrees Fahrenhett 


Had this same pound of carbon been 
burned to CO. the temperature would 
have been 

14,500 


556 0.217 degress Fakronhett 


As noted, these temperatures result from 
the use of pure oxygen and have been 
calculated to obtain figures for compari- 
son with those obtained when air is used 
as a supporter of combustion. 

In boiler practice air is used as the 
supporter of combustion, and the tem- 
peratures reached when carbon is burned 
in air will now be calculated. As far 
as practical combustion is concerned, 
air is composed of 23 parts of oxygen 
and 77 parts of nitrogen by weight.t Each 


tAir also contains small quantities of 
water vapor, carbon dioxide, dust particles 
and ammonia, but these have comparatively 
no effect upon combustion. 
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pound of air contains, then, 0.23 pound 
of oxygen and 0.77 pound of nitrogen. 
The nitrogen takes no part in combus- 
tion but serves only to dilute the flue 
gases, thus lowering the resultant tem- 
perature. If a cheap supply of undiluted 
oxygen could be obtained, and if the heat- 
ing surfaces could be designed to with- 
stand the greatly increased temperatures, 
the operating efficiency of the steam boiler 
could be materially increased by using 
pure oxygen instead of air for combus- 
tion. Every pound of oxygen in the air 
carries with it, 
0.77 + 0.23 = 3.348 


pounds of nitrogen. 

The 1.33 pounds and 2.67 pounds of 
oxygen required to burn the carbon to 
CO and CO. will carry with them, 


1.33 « 3.348 = 4.46 
and 
2.67 3.348 = 8.94 


pounds of nitrogen respectively. The 
maximum temperatures will be, then, for 
Co, 


4459 
(2.33 X 0.248) + (4.46 X 0.244) 


2670 degrees Fahrenhett 
and for CO., 


14,500 
(3.67 X 0.217) + (8.94 X 0.244) 
4880 degrees Fahrenheit 


By referring to the temperatures obtained 
when pure oxygen is used, it is seen that 
these temperatures are about 35 and 27 
per cent., respectively, of their former 
values. The temperature, 4880 degrees, 
is the maximum temperature attainable 
in the furnace, and, of course, is never 
realized in practice due to incomplete 
combustion, radiation, excess air and 
other reasons. 

If only the exact amount of air re- 
quired for combustion is admitted, it is 
necessary that every particle of oxygen 
be brought into intimate contact with 
every particle of the fuel. This is mani- 
festly impossible in the practical boiler 
furnace, and for this reason a surplus of 
air must be admitted in order to secure 
fairly complete combustion. This surplus 
air must all be heated to the furnace 
temperature, thus reducing the tempera- 
tures given above. The quantity admitted 
varies considerably with the type of fire- 
box and the care and watchfulness of the 
fireman. Good practice requires about 50 
per cent. or a little less; but plants are 
in operation where the excess air runs 
to 100 per cent. and in many cases prob- 
ably much higher. 

The reduction in temperature caused 
by this excess of air can easily be com- 
puted. Take, for example, the case of 
50 per cent. excess air. 


Amount of heat liberated......... 


Pounds of CO, formed............ 6 
Pounds of excess air...........-. 5.8 


The maximum temperature will be 
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14,500 
(5.8 X 0.238) + (8.94 X 0.244) +(3.67 X0.217) 
= 3330 degrees 


This, though nearly one-third less than 
the temperature attained with normal air. 
supply, is the maximum toward which 
good operation tends. This is still fur- 
ther reduced by the causes mentioned 
above, and it is quite probable that 2600 
degrees is the highest average tempera- 
ture reached by the fie gases. , 
In trying to avoid the evils of excess 
air, care must be taken not to make the 
greater error of not admitting sufficient. 
The effect upon the maximum tempera- 
ture of a 40 per cent. deficient or a 60 
per cent. normal air supply will now be 
considered. There will be but 


11.6 « 0.60 = 6.96 
pounds of air present. Of this, 

6.96 « 0.23 = 1.6 
pounds are oxygen, and 

6.96 « 0.77 = 5.36 


pounds are nitrogen. In burning to CO 
9 pound of carbon requires 1.33 pounds 
of oxygen and will produce 2.33 pounds 
of CO. There is left, then, but 
1.6 — 1.33 = 0.27 

pound of oxygen for further union with 
the combustible. Part of the CO will 
change to CO. Each pound of the CO 
requires for its further combustion 0.571 
pound of oxygen. There is but 0.27 pound 
of oxygen remaining, and, therefore, but 

0.27 — 0.571 = 0.473 


pound of the CO can be burned to CO, 
leaving 


2.33 — 0.473 = 1.857 


pounds of CO still unconsumed. The 
2.33 pounds of CO burning to CO. evolves 


14,500 — 4450 — 10,050 B.t.u., 


or 4310 per pound. The amount of heat 
produced by this partial combustion is, by 
one pound of carbon to CO, 4450 and by 
0.473 pound of CO to CO., 2030, or a total 
of 6480 B.t.u. Thus, considerably over 
half of the total heat is lost in the uncon- 
sumed 1.857 pounds of CO by incom- 
plete combustion. The weights of the 
constituents of the flue gas are: 


N = 5.360 pounds 
CO = 1.857 pounds 
CO. = 0.742 pound 


Total, 7.959 pounds 
The specific heat of this mixture is: 


5.360 « 0.244 = 1.31 
1.857 0.248 — 0.461 
0.742 X 0.217 = 0.161 


7.959 1.932 
1.932 ~ 7.959 — 0.242 
the specific heat required. The maximum 
temperature will be 
6480 
= 3360 
7.959 + 0.242 
degrees Fahrenheit. Thus a lower tem- 
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perature obtains with a 40 per cent. de- 
ficient air supply than with a 50 per cent. 
excess. 

It is quite evident from the foregoing 
that fhere is a great loss in the avail- 
able heat when the air supply is deficient. 
This is manifest not only by the loss of 
the combustible gas, carbon monoxide, 
but also by the greatly reduced tempera- 
ture of the products of combustion and 
the diminished boiler efficiency resulting 
therefrom. To show more clearly what ef- 
fect a varying air supply has upon the 
temperature of the flue gas, the curve in 
Fig. 1 has been plotted. This shows at a 
glance the maximum temperature of the 
flue gas as the air supply is varied from 
50 per cent. of normal to 250 per cent. 
of normal, where the term normal is 
intended to mean that amount of air 
carrying just sufficient oxygen to produce 
complete combustion. The points on the 
curve have been calculated in the man- 
ner just described, except that the specific 
heat of the flue gas has been taken as 
0.24 for all cases instead of calculating 
it independently for the several condi- 
tions where the composition varies. 

Upon examining this curve it is seen 
that for equal percentage values of ex- 
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boiler will be calculated. No account wil! 
be taken of the loss due to radiation 
and ash, not that it can always be con- 
sidered negligible, but because this loss 
is practically constant throughout the 
working range, and, therefore, will not 
affect the comparison. The temperature 
of,the gases discharged to the stack is 
assumed to be 500 degrees. From Figs. 
1 and 2, the temperature and weight of 
the flue gases with 120 per cent. air 
supply are found to be 4050 degrees and 
14.92 pounds respectively. The boiler 
will absorb, then, 


14.92 0.24 (4050 — 500) = 12,7107 
B.t.u. 


The same percentage of deficiency, or 
80 per cent. air supply, will now be con- 
sidered. From Figs. 1 and 2 the tempera- 
ture and weight are found to be 4260 
degrees and 10.28 pounds respectively. 
The heat passing to the boiler will be 


10.28 ‘x 0.24 (4270 — 500) = 9280 B.t.u. 


Thus it is seen that, although the tem- 
perature of the flue gas is actually higher 
with 20 per cent. deficient air supply, the 
increased weight with excess air more 
than compensates for this in spite of the 
greater loss to the stack. A _ sufficient 
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cess or deficient air supply there are no 
great differences in the flue-gas tempera- 
tures over a considerable range from 
normal. This, at first thought, would 
seem to indicate that, for a reasonable 
variation from normal, just as efficient 
operation could be obtained with de- 
ficient air supply as with an excess, since 
with deficient air the loss to the stack will 
be less than with excess. But with ex- 
cess air the heat absorbed by the boiler 
will be greater, due to the increased weight 
of the gases. To obtain a definite con- 
clusion, the total weight of the flue gases 
with reference to the air supply has been 
plotted in Fig. 2. From this the actual 
weight of the flue gases can be obtained 
for any desired percentage of air supply. 
A concrete case will now be taken and 
the actual quantity of heat passing to the 


number of these values have been cal- 
culated to plot the curve shown in Fig. 
3. The general shape of this curve docs 
not differ from that in Fig. 1. Fig. 3 
shows conclusively what effect the vary- 
ing weight of the gases has upon the effi- 
ciency. 

As a rough check upon the work, the 
thermal efficiency of the boiler will be ob- 
tained from the information contained in 
Fig. 3. Take, for example, a boiler op- 
erating under good average conditions; 
that is, with 50 per cent. excess or 150 
per cent. normal air supply. From the 


curve it is found that the boiler will ab- . 


sorb 12,280 B.t.u. per pound of carbon 
burned. This gives a thermal efficiency 
of 

12,280 


= 84.69 per cent. 
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This is in close accordance with results 
actually obtained in practice when the 
assumptions made and the losses neg- 
lected in these calculations are considered. 

A few deductions may now be made 
from what has preceded. The air sup- 
ply must be closely watched to see that 
a sufficient but yet not excessive amount 
is admitted. This is most readily deter- 
mined by some sort of automatic record- 
ing apparatus that determines the per- 
centage of carbon dioxide in the stack 
gases. Several of these devices are now 
on the market and their use seems to 
show a decided improvement in the econ- 
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omy of the steam-generating end of the 
power plant. No smoke will be formed 
in any case, so that it will be impossible 
to judge the relative economies of com- 
bustion by watching its products. 

When fired, anthracite kindles rather 
slowly and does not immediately give off 
large volumes of gas as is the case with 
the softer coals. Thus, very little chill- 
ing effect is produced and no increase in 
the air supply is required. With regular, 
even firing no change in the air supply 
is necessary except so far as it depends 
upon the call for steam. 

The fact that the carbon dioxide is 
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formed relatively close to the fuel allows 
the heating surfaces of the boiler to be 
situated comparatively near the fuel bed, 
thus somewhat reducing the cost of the 
installation. This also obviates the ne- 
cessity of using external furnaces, heat- 
radiating surfaces and other gas-consum- 
ing devices, which must’ generally be used 
in the case of the volatile coals. 

The principal argument against the use 
of anthracite is its high first cost, al- 
though this is partially offset by the 
greater ease with which it can be handled, 
and, with average firing, the better 
realization of its available heat. 


Novel Arrangement of Valve Gear 


At the Butler street power plant of the 
Atlanta Railway and Power Company, 
Atlanta, Ga., there is a peculiar arrange- 
ment of the two steam cylinders and valve 
gear of a double engine. The illustration 
shows the details. The unit consists of 
a 19x48-inch Greene-Wheelock engine 
cylinder on one side and a Ranken- 
Fritsch Corliss engine cylinder on the 
opposite side of what is now a Wheelock- 
Corliss double engine. 

The original Wheelock engine had 19 
and 44 by 48-inch cylinders, and the 
original Corliss unit was a tandem en- 
gine. When the plant was turned over 
to be used mainly as a heating plant, the 
exhaust steam being used to heat many 
of the business blocks and hotels of the 
city, it was decided to change the Corliss 
engine into a Greene-Wheelock unit by 
removing the Corliss cylinders and sub- 
Stituting the low-pressure cylinder of the 
original cross-compound Wheelock en- 
gine. The low-pressure cylinder of the 
Corliss engine was discarded, and the 
high-pressure cylinder fitted to the frame 
of the low-pressure side of the Wheelock 
engine. 

The present arrangement allows the 
engine cylinders to act as_ reducing 
valves between the boilers and the heat- 
ing main, and the power obtained in 
passing the steam through the engines is 
a substantial gain over what would be 
obtained with live steam used for heating 
Purposes passed through a reducing valve, 
direct from the boilers. The combination 
cylinders now drive a 525-kilowatt gen- 
erator which is used for railway service 
in connection with another of the same 
capacity. The two units are connected in 
series, the current going to the switch- 
board at about 550 volts. The unit has 
given better satisfaction than would 
naturally be expected from such a com- 
bination. 

The particular point of interest lies 
‘1 the peculiar arrangement of the valve 
‘car of the Corliss side of the combina- 
tion engine. This valve gear is driven by 
“ie original gearing of the Wheelock en- 


A twin engine made up of 


two types of cylinder and 
valve gear. 


One governor 
controls both cylinders, the 
two being operated at high 
pressure. 


gine, and in order to do this, the original 
cam shaft was cut off at a length that 
would permit of securing a suitable bear- 
ing on the frame of the engine next to 


ted with eccentric straps. An eccentric 
rod was connected with the rocker arm, 
pivoted at the bottom end, as shown, its 
supporting base being bolted to the bed- 
plate of the engine. From this rocker 
arm the valve gear of the Corliss side 
is operated in the usual manner. 

The object of using the gear work of 
the old Wheelock engine was to eliminate 
the offset in either the reach rod or the 
eccentric rod, which would have been 
necessary had a split eccentric been put 
on the crank shaft in place of the origi- 
nal gear. 


The same governor, which is on the 
Wheelock side of the engine, governs 


COMBINATION VALVE GEAR 


the section containing the guide. A cast- 
ing was made to fit the engine frame, and 
of such design as to admit of arranging 
a Suitable bearing for the end of the 
original cam shaft, also for a short ec- 
centric shaft set at right angles to the 
cam shaft and driven by a set of bevel 
gears. On the end of this short shaft 
an eccentric was secured, which was fit- 


both types of valve gear. An extension 
link drops down from the governor 
and connects with a rod running under 
the flooring between the two cylinders; 
to this rod a vertical rod extends up to 
the Corliss governor cam rod, as shown, 
midway of the eccentric rod, and operates 
the cutoff cams in the usual manner. Both 
cylinders are operated at high pressure. 


i 
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Selecting and Using Pyrometers 


In considering the installation of pyro- 
meters for the control of furnace tem- 
peratures, in a works where a number 
of instruments are to be used, one of 
the chief points to be studied is the 
type of instrument. For it goes almost 
without saying that it is necessary to 
use, as far as possible, one type of in- 
strument so that interchangeability is 
permitted. There are many other points 
needing close attention when this de- 
cision has been made, but at first this 
one stands well to the fore, and must 
be settled. 

The two kinds of pyrometers that will 
attract attention, and which fulfil many 
of the requirements satisfactorily, are 
the thermocouple and resistance types. 
Much may be said for—and against— 
both these types of pyrometers, but in 
the end the thermocouple proves to be 
for general work the most suitable and 
satisfactory instrument. 

The resistance pyrometer is very ac- 
curate in its indications, but the range 
of temperatures through which it acts is, 
as a rule, very much more limited than 
that of the thermocouple. This is very 
important, and must weigh in the ba‘- 
ance seriously against the former type 
of instrument. Then again the high first 
cost of the resistance pyrometer, com- 
pared with the thermocouple, is another 
serious point. This is particularly notice- 
able when recording instruments are re- 
quired, and in this case the controlling 
mechanism is very much more compli- 
cated than in the thermocouple, and re- 
quires the attention of a skilled man for 
regulation and adjustment. 


ERRORS IN THERMOCOUPLE INSTRUMENTS 


There are many points about thermo- 
couples which require careful attention, 
and if neglected may lead to serious 
errors and losses. The first point that 
comes to my mind is that the internal 
resistance of couples and leads may vary 
with couples made from the same stand- 
ard wires. 
to differences in the lengths of the 
couples and the leads, and the result 
is that all the couples will not indicate 
the same temperatures when their hot 
junctions are side by side in a furnace. 
This error does not exist if the internal 
resistance of the indicating millivolt- 
meter is very high, but as the indicators 
generally used by engineers for pyro- 
metrical work have a resistance of about 
100 ohms only a variation of, say, two 
ohms in the couples will be an appreci- 
able percentage of the total resistance 
of the circuit, and will consequently 
show an error of that amount in the 
temperature indicated. It is quite pos- 
sible to get an error of from 30 to 40 
degrees Fahrenheit in this way. 


This variation may be due. 


By C. Conam 


The thermocouple and resistance 
types of pyrometer are considered. 
The latter are extremely accurate 


but are handicapped by a limited 


range and high first cost. For 
general work the thermocouple has 
proved to be more satisfactory. 


There are two methods of overcoming 
this difficulty. The first is to increase 
the resistance of the indicator to such 
an amount that any normal variation, 
due to difference in the length of couples 
and leads, is made entirely negligible; 
and the second is to bring all the leads 
to one standard resistance by inserting 
coils of fine wire, and all the couples 
to a standard resistance by the same 
method. With the couples, the coil may 
be conveniently placed in the cold junc- 
tion box. 

This second method is open to the ob- 
jection that the cold junction coils are 
liable to be raised considerably above 
their normal temperature by reason of 
their close proximity to furnace walls, 
etc., and so have their resistance in- 
creased. This increase, however, even 
if the cold junction box is raised by 80 
degrees Fahrenheit—and with proper 
care it would never reach a point that 
much above the normal—is so very 
slight that the error is not appreciable 
and can be safely neglected. 


PROTECTING COVERS 


Thermocouples adjusted as above to 
the same standard resistance, side by 
side in a furnace, with cold junctions 
at one temperature, and everything 
equal but the type of sheathing or pro- 
tecting cover, will not even then show 
the same temperatures. As all other 
faults have been eliminated, the cover 
is the only possible cause of the error, 
and it is a fact that different kinds of 
covers create errors sometimes amount- 
ing to 20 or 30 degrees Fahrenheit. 

It is absolutely necessary that all 
sheathing for thermocouples should be 
as far as possible of the same nature. 
For ordinary furnace work all that is 
necessary is an iron tube, solid-welded 
at one end, and this kind of cover finds 
the most general use. In special cases 
such as for use in the lead bath, or with 
high-temperature metallic salts baths, this 
form of sheathing affords no protection 
against the penetrating action of vapors 
and gases, which rapidly destroy the 
couple wires. 

In cases of this description special 


kinds of sheathing are necessary, and 
one that may be safely used consists 
of an outer tube of steam piping, solid 
welded, containing a smaller solid- 
welded tube heavily plated on the out- 
side, which, in its turn, contains the 
couple. This sort of cover can be used 
for a very long time with the simple re- 
versal of the outer sheath when neces- 
sary. 


PORCELAIN QUARTZ AND FIRECLAY TUBES 


Many other forms of protecting tubes 
are used, including porcelain quartz and 
fireclay. Porcelain does not find much 
favor as it is liable to crack at high 
temperatures. Quartz tubes are used to 
a moderate extent, and are valuable be- 
cause they are comparatively rigid even 
when hot, and may be subjected to 
violent changes of temperature without 
cracking; such as being plunged into 
molten metal when cold. They are, how- 
ever, only impermeable to gases at tem- 
peratures not exceeding 1800 degrees 
Fahrenheit, and even at that tempera- 
ture should be used intermittently as 
their impermeability breaks down with 
constant use. 

These tubes rapidly rise to the tem. 
perature of the furnace, and _ conse- 
quently indicate changes of temperature 
very readily. Marquardt tubes. will 
stand a very high temperature without 
losing their impermeability to gases, but 
they are of little practical value as they 
will not stand rapid changes of tempera- 
ture; nor must they be put into a posi- 
tion where there is likelihood of their 
being knocked or affected by vibration, 
as they are very fragile, and liable to 
crack. They, moreover, have to be 
placed generally in a vertical position, as 
they readily bend at high heats, and if 
placed horizontally may break of their 
own weight. They can be used under 
favorable conditions up to 2800 degrees 
Fahrenheit. In all cases where these 
protecting tubes are used it is usual to 
give them the extra protection of a sheath 
of wrought-iron tubing. 


Wuy Protection [s NECESSARY 


It is necessary to protect the cold junc- 
tion of a couple as much as possible 
from the action of the hot furnace gases 
and. from the radiation of the furnace. 
It is obvious that the position of the 
couple will have a good deal to do with 
the former action. It is better to insert 
the couple through a small aperture in 
the side of the furnace, than through one 
in the roof. In all cases a fairly good 
protection, and one that will allow the 
cold junction to be kept at a fairly low 
temperature, consists of a sheet of as- 
bestos millboard with the couple passing 
through the middle. This, if the mill- 
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board is large enough, deflects the hot 
gases, and arrests the radiant heat effect- 
ively. In cases where the cold-junction 
temperature must be kept very uniform 
the cold-junction box has a water jacket 
through which water continually flows 
from the mains. This is quite unneces- 
sary in works practice. 
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The insulation from one another of the 
couple wires is a simple matter, as por- 
celain tubes, double drilled, about 3 
inches long, and %4 inch in diameter, can 
be purchased from most wholesale 
chemists. Small balls, double bored, 
are also used for this purpose, especially 
when the couple sheath is of a special 


155i 


shape, say, right-angular. Small-diam- 
eter quartz tubes are also made for this 
purpose. It is very important to see 
that, in building up a thermocouple, the 
wires are not twisted and touching be- 
tween each insulating tube, for, if they do 
touch, a false junction is thereby made 
and the indicator readings will be wrong. 


The Testing of Cooling Towers 


The writer had occasion recently to 
test some large natural-draft cooling 
towers to ascertain if the towers were 
cooling the specified quantity of water per 
hour, and also to discover the amount of 
water lost through evaporation. Though 
the underlying principles are quite well 
known, the methods by. which the re- 
sults were arrived at are quite novel, and 
may prove interesting to many engineers. 

The towers were installed for cooling 
the circulating water from a plant con- 
taining one 4000-kilowatt reciprocating 
set, and two 6000-kilowatt turbine-driven 
sets, all fitted with surface condensers. 
As the amount of circulating water 
utilized by these three units was about 
15 million pounds per hour, the imprac- 
ticability of measuring this quantity me- 


By Wilfred Yorke 


From some practical tests of 
large natural-drajt towers the 
author shows how the necessary 
data are obtained and calculated, 
and also points out how more 
efficient service could have been 
obtained. 


figure out the quantity of cooling water 
passing through each condenser per hour. 
An example will make this clear. See 
Table 1 for these observations. 

In the case of the reciprocating engine 


TABLE 1. OBSERVATIONS ON CONDENSERS. 


CIRCULATING WATER, 
Degrees Fahrenheit. Exhaust Wet Air- 
Tempera- pump 
Load, Vacuum, ture, Suction, 
Generator. Kilowatts. Inches. Inlet. | Outlet. Degrees F. | Degrees F. 
ee ree 3,500 25 85 113 133 90 
4,000 27 86 99 114 106 
pS een 5,600 27.3 86 100 112 98 


Engine, steam consumption = 18.5 pounds per kilowatt-hour. 
Turbine A, steam consumption = 18.5 pounds per kilowatt-hour. 
Turbine B, steam consumption = 14.5 pounds per kilowatt-hour. 


chanically for a comparatively short test 
period, will be apparent. 

By working on a heat basis, however, 
a very close approximation can be ob- 
tained, sufficiently accurate for the pur- 
pose of most commercial tests, and it was 
along this line that the inquiries in ques- 
tion were conducted. 


EsTIMATE OF TOTAL AMOUNT OF COOL- 
ING WATER 


On each of the three condensers the 
following observations were made: 

The inlet and outlet temperatures of 
the cooling water. 

The temperature of the exhaust steam 
as it entered the condensers. 

The temperature of the condensed 
steam, i.e., the wet air-pump suction. 

The vacuum in inches of mercury at 
‘he engine exhaust pipe. 

Simultaneous readings on the switch- 
hoard were taken of the load each gen- 
erator was carrying, and then knowing 
ie steam consumption per kilowatt-hour 
’ each generating set from previous 
team trials it became an easy matter to 


the quantity of heat given up to the 
cooling water by one pound of steam is 
the difference between the amount it con- 
tained on entering the condenser as ex- 
haust steam, and the amount taken away 
by the condensed steam. 
Neglecting conduction, etc., if, 
H = Total heat given up by one pound 
of steam, 
T’= Temperature in degrees Fah- 
renheit of exhaust steam. 
T” = Temperature in degrees Fahrenheit 
of condensed steam. 


rived from the fact that while the latent 
heat of steam at 212 degrees is 970.4, to 
evaporate it at one degree higher would 
require 0.7 B.t.u. less. 

Now, by dividing this quantity by the 
rise in temperature of the cooling water 
the number of pounds of cooling water 
required for the condensation of one pound 
of steam can be ascertained, 

1068.7 — (113 — 85) = 38. 

Then the total weight of cooling water 
per hour required to condense the steam 
from the engine equals 

38 « 3500 « 18.5 = 2,450,000. 

In a similar manner the quantity of 
cooling water used on turbine A will be 
found to equal 5,300,000 pounds, and 
on turbine B, 6,300,000 pounds per hour. 

Engine = 2,450,000 pounds per hour. 

Turbine A = 5,300,000 pounds per hour. 

Turbine B = 6,300,000 pounds per hour. 


Total = 14,050,000 pounds per 
hour. 


PERCENTAGE Lost BY EVAPORATION 


While the foregoing set of observa- 
tions was being taken on the condensers, 
other readings were simultaneously taken 
on the towers, the results being shown 
in Table 2. These were: 

Dry- and wet-bulb thermometers of an 
hygrometer. 

Temperature of the air inside the 
towers close to the distributing troughs. 

Temperature of the cooling water as 
it entered the towers. 

Temperature of the water in the catch 
pond below the towers. 

If we imagine 1 cubic foot of. air 
passing through the towers it will enter 
at a temperature of 55 degrees Fahren- 
heit with a humidity of 90 per cent., and 
will emerge at the top in a saturated 


TABLE 2. OBSERVATIONS ON COOLING TOWERS. 


EXTERNAL AIR, 
Degrees Fahrenheit. 


CrRCcULATING WATER, 
Degrees Fahrenheit. 


Relative Internal 
Humidity, Air, Degrees Temperature of 
Dry Bulb. Wet Bulb. Per Cent. Fahrenheit. Inlet at Top. Catch Pond. 
55 51.5 90 95 104 86 
Then, condition at a temperature of 95 degrees. 


H = 970.4 — 0.7 (T’ —- 212) + 
(T’ — T”) = 1068.7 B.t.u. 
The factor 0.7 (T’ — 212) being de- 


One cubic foot of dry air at 55 de- 
grees Fahrenheit can absorb 4.85 grains 
(Table 3, column 5) of aqueous vapor; 
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therefore a humidity of 90 per cent. 
will represent 4.37 grains present in 1 
cubic foot of external air. 

In traveling up the towers the original 
cubic foot of air will expand 0.002 for 
each degree rise in temperature, and will 
therefore have a volume of 1.08 cubic 
feet when it emerges as saturated air at 
a temperature of 95 degrees. From 
Table 3, column 5, it may be seen that 1 
cubic foot of saturated air at 95 degrees 
Fahrenheit contains 17.2. grains of 
equeous vapor; then 1.08 cubic feet will 
take away 18.6 grains. But 4.37 grains are 
already present in the air atits entrance; 
hence, 

18.6 — 4.37 = 14.23 
grains are evaporated by each cubic foot 
of air in passing through the towers. 

Further, 1 cubic foot of air will take 
up heat from the cooling water in three 
ways: 

Heat required to warm up 1 cubic ‘oor 
of dry air from 55 degrees to 95 degrees 
Fahrenheit. 

Heat required to warm up aqueous 
vapor already present (4.37 grains) 
from 55 to 95 degrees Fahrenheit. 


: 
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These three heat values are found as 
follows: 

One cubic foot of dry air at 55 degrees 
weighs 0.077 pound. (Table 3, column 
9. Therefore, the heat required to warm 
1 cubic foot of dry air under the ex- 
isting conditions is 
0.077 < sp. heat X rise in temperature 

= 0.077 « 0.238 « 40 = 0.73 B.t.u. 

One pound (7000 grains) of aqueous 
vapor requires. 

40 0.48 B.i.u. 

Therefore, 4.37 grains would require 
(4.37 ~— 7000) « 0.48 x 40 = 
0.012 B.é.u. 
which is the heat required tv warm the 
vapor present from 55 degrees to 95 de- 

grees. 

The heat required to evaporate one 
pound (7006 grains) of water under 
these conditions is 
970.4 — 0.7 (T; — 212) — (T: — T2) = 
970.4 — 0.7 (95 — 212) — (104 — 95) 

= 1043 B.t.u. 
where 7, is the temperature of the 
water and 7. the temperature of the 
aqueous vapor. 

Therefore, 14.23 grains require 


TABLE 3. PROPERTIES OF AIR AT 29.92 INCHES OF MERCURY. 


ONE Cusic Foor oF SATURATED AIR. Volume o 
= | Pressure Dry Air at) Weight of 
3 2 of Different |Dry Air at 
32 Aqueous| Pressure : Wt. of Aqueous Vapor. Total Tempera-| Different 
& | Vapor, jof the Air| Weight in Weight of tures, Tempera- 
ER Inches of| in Mixt- Pounds. Mixture, Vol. @ tures, 
i= Mercury.}| ure, Lb. Grains. Pounds. Pounds. 32° se 1. Pounds. 
32 0.18 29.74 0.08020 2.15 0.00031 0.08051 1.000 0.0807 
35 0.21 29.71 0.07970 2.40 0.00034 0.08004 1.006 0.0802 
40 0.25 29.67 0.07879 2.86 0.00041 0.07920 1.016 0.0795 
45 0.30 29.62 0.07785 3.4 0: 00049 0.07834 1.026 0.0787 
50 0.36 29.56 0.07694 4.04 0.00058 0.07752 1.037 0.0778 
55 0.42 29.50 0.07619 4.85 0.00069 0.07688 1.047 0.0772 
60 0.53 29.39 0.07506 5.78 0.00083 0.07589 1.057 0.0764 
65 0.64 29.28 0.07410 6.8 0.00097 0.07507 1.067 0.0757 
70. 0.75 29.17 0.07311 8.0 0.00114 0.07425 1.078 0.0749 
75 0.87 29.05 0.07208 9.35 0.00134 0.07342 1.088 0.0742 
80 1.03 28.89 0.07105 10.99 0.00157 0.07262 1.098 0.0735 
85 1.20 28.72 0.06996 12.7 0.00182 0.07178 1.108 0.0728 
90 1.35 28.57 0.06896 14.7 0.00212 0.07108 1.118 0.0722 
95 1.65 28.27 0.06763 17.2 0.00246 0.07009 1.128 0.0716 
100 1.93 27.99 0.06641 19.8 0.00283 0.06924 1.139 0.0708 


Heat required to cvaporate 14.23 
grains of water at an inlet temperature 
of 104 degrees into aqueous vapor at 
95 degrees Fahrenheit. 


(14.23 + 7000) « 1043 = 2.11 B.t.u. 
which is the heat required to evaporate 
14.23 grains of water at 104 degrees into 
aqueous vapor at 95 degrees. 
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Then the heat absorbed by one cubic- 
foot of air is made up as follows: 


Heat to warm 

=0.73 B.t.u.= 25.5 per cent. 
Heat to warm 

Vapor....... = 0.012 Bt.u.= 0.5per cent. 
Heat to evapor- 

atecooling 

water....... = 2.11 Bt.u.= 74.0 percent. 


= 2.852 B.t.u.=100 percent, 
That is, 74 per cent. of the total amount 
of heat dissipated in the towers evap- 
orates part of the cooling water, and it 
is now but a step to calculate how much 
water is thus lost. 

We have seen that 14,050,000 pounds 
of water pass over the towers per hour, 
and this weight of water in cooling from 
104 degrees to 86 degrees will liberate, 

14,050,000 « (104 — 86) = 
253,000,000 B.t.u. 
74 per cent. of this quantity, or 187,000,- 
000 B.t.u., is responsible for evaporating 
the cooling water. 

But we have already shown that 1043 
B.t.u. is the heat necessary to evaporate 
one pound of water at 104 degrees into 
aqueous vapor at 95 degrees Fahrenheit; 
therefore, 

187,000,000 ~ 1043 = 180,000 
pounds of water evaporated per hour, 
which equals 1.28 per cent. of the total 
weight of cooling water. 

From this test it was deduced that of 
the total heat dissipated in these towers 
approximately 75 per cent. was respon- 
sible for evaporating part of the cooling 
water to the extent of 1.28 per cent. It 
can also be figured that the water so 
lost through evaporation is also equal to 
about 85 per cent. of the total steam 
consumption of the three generating sets, 
which is a very fair average. A cooling 
tower in which the evaporation loss out- 
weighs the weight of steam condensed 
would be regarded as inefficient. 

A study of Table 3 will reveal that 
the main factor in the evaporation loss 
is the exit temperature of the air, which 
is, of course, dependent upon the tem- 
perature of the cooling water as it enters 
the towers. 


Compressed Air Blowing Outtit 


The accompanying illustration shows 
the method used by an engineer in Rich- 
mond, Va., for obtaining an air supply 
for blowing out dust from the generator 
end of a small Curtis turbine set. 

In his plant was a small belt-driven 
air compressor, which furnished com- 
pressed air for removing shavings from 
the wood-working machinery in the fac- 
tory to the boiler furnaces. In this case 
a small 30-gallon water tank was ob- 
tained which was capable of withstanding 
an air pressure of 70 pounds to the square 
inch. This air tank was secured to the 
wall of the engine room directly over 
the turbine unit, by means of two hangers 
made of %-inch strap iron, curved so as 


to form a cradle for the tank, as shown. 
At one end of the tank was fitted a 
nipple to which was screwed the air 
pipe running to the compressor, this 
pipe being fitted with a valve to permit 
shutting off the tank from the air-pump 
line. On the other end of the tank, at 
the top, was fitted a long nipple to which 
an angle valve was screwed. To this 
valve was screwed another long nipple to 
which a hose coupling was attached, the 
hose being long enough to reach to all 
parts of the turbine as well as to the 
switchboard. The tank was inexpensive, 
neat in appearance, being painted with 
aluminum, and efficient in operation. 
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The difficulty which is frequently ex- 
perienced of obtaining appropriate condi- 
tions for measuring stream flow by the 
float method, and an appreciation of ad- 
vantages of estimating discharge based 
on average velocity at a single, well de- 
fined cross-section, has led to employ- 
ment of various devices for this purpose. 
In the use of these instruments the mean 
velocity of the cross-section is obtained 
by application of the instrument to differ- 
ent points in the given section. All in- 
struments of this kind require to be 
rated, i.e., their error must be obtained 
for different depths and velocities, either 
while holding them stationary in currents 
of water of known velocity, or by moving 
them at known velocities through still 
water, and in computing the mean veloc- 


| 


Fic. 1. PRESSURE PLATE 


ity the errors of instruments so found 
must be duly allowed for. Apparatus of 
this kind may be divided into two general 
classes: 

{1) Instruments in which velocity of 
Current is inferred from pressure which 
the current exerts at their points of ap- 
Plication, and which may, therefore, be 
c’signated as current-pressure gages. 

(2) Instruments which receive and 
register the movement of currents and 
viich are known under the names of 
icel meters, velocimeters, but more gen- 
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By Franklin Van Winkle 


It 1s often difficult to obtain ap- 
propriate conditions for meas- 
uring stream flow by the float 
method. The advantages of estt- 
mating the discharge based on 
average velocity at a single well- 
defined cross-section have been 
recognized and instruments have 
been perfected to measure the 
velocity at different points in the 
given section. Current pres- 
sure gages, such as the pressure 
plate, hydrometric pendulum and 
pitot tube, also velocity meters and 
float wheels are used. All of 
these instruments are given atten- 
tion. 
| 


erally under the designation “current 
meters.” 

Those of the first class, coming under 
the designation of current - pressure 
measuring instruments, are intended to 
measure head or pressure due to velocity 
for interpretation of velocity of current 
in feet per second from the formula 


v= ¥ 2gh. 

The forms of current - pressure instru- 
ments most commonly referred to are 
the pressure plate, the hydrometric pen- 
culum and the pitot tube. The pressure 
plate as an instrument for determination 
of stream velocity is said to have been 
invented by Gaunthy in 1779. It consists 
of a metallic disk P, Fig. 1, which is 
set to oppose the pressure exerted by the 
current, velocity being computed from the 
weight W necessary for holding the disk 
P vertical. The instrument was swung 
from the side of a rod R R, as shown in 
the figure, or suspended by suitable frame 
so as to take readings at different depths. 
Various modifications of the pressure 
plate have been employed in important 
gegings. The hydrodynamometer of M. 
Perrodil is one of these, consisting, as 
shown in Fig. 2, of a pressure plate P 
acting around a vertical axis which is 
supported by the vertical rod M N and 
framework A BC D. The vertical axis 
consists of a torsion bar U suspended 
from the upper end by a collar K and 
guided in bearings J and fastened to the 
frame ABCD at the bottom. The pres- 
sure plate P being connected to the lower 
end of the torsion bar by the arm R, ro- 
tates the whole framework A B C D 
when released by a set screw S. 

In the upper part E F is a horizontal 
divided circle carried by the frame, and H 
is a pointer hand fastened to the upper 
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Stream Flow at Single Cross Section 


end of the torsion rod. Suppose the ap. 
faratus to be so arranged that the pres- 
sure plate P is at such level of the stream 
as it may be desired to determine the 
velocity. By loosening the set screw S$ 
the skeleton framework A B C D is per- 
mitted to adjust itself in a vertical plane 
parallel to the direction of the current by 
the pressure plate P acting like a vane 
or rudder, carrying the divided circle F F 
with it so the pointer hand indicates zero 
or the scale. If then the instrument is 
turned by pressing the pointer sideways 
until the plane of the frame A B C D 
and of the pressure plate and of the 
zero of the graduated circle is at right 
angles to the stream, the torsion rod will 
be twisted through an angle which meas- 
ures the normal impulse of the stream 


Fic. 2. M. PErRRODIL’s HYDRODYNA- 
MOMETER 


on the pressure plate P. The set screw 
S is then tightened and the average posi- 
tion of the pointer is read for obtaining 
average velocity. Careful experiments 
have been made with this instrument, us- 
ing various sizes of pressure plates and 
of torsion rods, and the results have been 
very ‘satisfactory, especially in measure- 
ment of currents which were too slow to 
be measured by current meters or pitot 
tubes. Rating of the instrument has been 
performed by fixing it to a radius bar or 
turn table sweeping over a circular course 
in still water a distance of about 75 
feet in circumference. 

Castelli’s quadrant or hydrometric 
pendulum is another instrument of the 
first class mentioned, and appears to have 
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been devised by Castelli for measuring 
velocities of streams in the early part of 
the seventeenth century (about 1628). 
It consists of a ball suspended by a 
thread from the center of a graduated 
arc; the instrument when used being 
placed in the current with the arc verti- 
cal and parallel with the direction of the 
flow, horizontal pressure and velocity are 
determined from the weight of the ball 
and the angle formed between the sus- 
pending string and a vertical line on the 
arc. This apparatus has the merit of 
simplicity, but in the computation of ve- 
locity, pressure of the current on the sus- 
pending cord and lifting or “boiling” ac- 
tion which is always present in running 
water, renders employment of this ap- 
paratus of very little practical value. The 
method is suggestive, however, that some 
use might be made of it for approximate 
determinations of velocity, as in times 
of freshet, for determining the ‘velocity 
of a stream by suspending a plummet 
from a bridge. But in such cases the 
velocities could only be estimated, em- 
pirically, after determining the deflec- 
tions of suspending cords which are ob- 
tained with the same size, shape, weight, 
depths of submergence and lengths of 
suspending cord when used in currents 
of known velocities. 


THE Pitot TuBE 


The pitot tube is the simplest, and in 
its improved form is undoubtedly the 
most reliable instrument for determina- 
tion of velocity of a current from indica. 
tion of its pressure. It was invented or 
said to have been used for this purpose 
ty Pitot in 1730. It consists simply of a 
vertical glass tube with a right-angle bend 
placed so that the mouth of one leg of the 
tube will be presented at right angles to 
the direction of flow, the impulse of the 
current of water being balanced by a col- 
umn of water raised in the other leg of 
the tube above the general level of the 
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Fic. 3. Pitot TuBE wiTtH BELL MouTH 


Stream. Pitot, for his use, enlarged the 
mouth of the tube to a funnel or bell 
shape, as shown in Fig. 3. This, however, 
causes the liquid to rise a hight h, which 
is about 114 times the true hight or head 
due to the velocity. This form of en- 
trance is additionally objectionable be- 
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cause it interferes with the current, and 
the velocity in front of the mouth is not 
the same as the velocity of the unob- 
structed stream. 

Fig. 4 shows the improved form of ori- 
fice employed by Darcy and Bazin, in 
which the tube is drawn out very small 
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Fic. 4. ImprRovED ForM OF TUBE EM- 
PLOYED BY DARCY AND BAZIN 


with the great benefits of interfering little 
if any with the natural velocity of the 
stream; and also that the reduced size of 
opening tends to check oscillations of the 
column of water in the tube, instead of 
encouraging them as is the case of a tube 
provided with a bell-shaped mouthpiece. 
In the drawn-out form shown in Fig. 4, 
Darcy found that when it was placed as 
shown at P,, the hight h was almost ex- 
actly 


when placed as shown at P., having the 
plane of the orifice parallel to the direc- 
tion of flow, the water rose practically 
level with the surface of the stream; and 
when turned with the mouth down stream 
iike P;, the watersinks toa depth h’, which 
is nearly the same amount as the rise in 
case it is headed up stream like P:. When 
however, a tube is turned down stream 
like P. the partial vacuum created tends 
to release air bubbles, accompanied by a 
surging of the hight h’, so that small de- 
pendence can be placed on combined 
readings like R; i.e., for determination of 
velocity it is not proper to assume that 
the velocity due to the head can be taken 

h+h' 

An objection to employing a simple 
tube like Fig. 4 is the difficulty of read- 
ing the hight h direct from the surface 
of the stream. This is overcome in 
Darcy’s improved form of pitot tube, by 
means of which readings can be made 
above the surface of the stream, or the 
instrument may be entirely removed from 
the water for that purpose. 

Fig. 5 illustrates the leading features of 
the Darcy instrument. Two pitot tubes, 
HE and JG, made of copper, have open- 
ings at right angles to each other. In 
making velocity measurements the instru- 
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ment is so held that the opening in the 
end of the tube HE is presented agains: 
the current while that of JG is down. 
ward. The space between the tubes is 
filled with a solid piece of wood or meta! 
for strengthening the tubes and holding 
them in place. The upper ends of the 
tubes are made of glass mounted on » 
wooden support W W, which in turn 
issupported bythe clamp Q and the guide 
bracket K which surround the stand- 
ard B B. Each glass tube is provided 
with a vernier C for reading the hight of 
the columns on a vertical scale S. By 
means of the handle A and hook L the 
instrument can be raised or lowered to 
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Fic. 5. Darcy’s IMPROVED ForRM OF PITOT 
TUBE 


any desired depth and held at the de- 
sired elevation by adjustment of the 
clamp Q, and when thus supported the 
main body of the instrument acting as 2 
rudder, swings itself around the standard 
B B to a position parallel with the cu" 
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rent and presents the opening of the tube 
E H up stream. 

Connection of the copper tubes to the 
giass tubes is made through a two-way 
cock D which can be operated by cords 
M M. The glass tubes are connected at 
their upper ends by a brass fitting whict 
is provided with a stop cock P, the out- 
let of which is provided with a piece of 
flexible tubing N with a mouthpiece. Hav- 
ing adjusted the instrument to the de- 
sired depth, with the cocks D and P open, 
water then rises in the tube E H to great- 
er or less extent above the surface of the 
stream, while it rises in the tube J G to 
the same level as that of the stream. If 
then a little air be sucked out of tube N 
and the cock P closed, water will rise in 
both glass tubes an amount equal to their 
respective differences from atmospheric 
pressure and will stand with the same 
relative difference between their levels as 
they first had in the lower part of the 
instrument before any air was exhausted. 
The cock D is then closed, preserving the 
relative hight of the columns, and the 
difference is easily read off with the in- 
strument in place, or by removing it from 
the stream. 

In using this instrument for obtaining 
the mean velocity of a stream, a number 
of readings have to be taken to obtain 
average velocity at any point, as the 
velocity of a stream is continually chang- 
ing at every point of its cross-section; 
and for determining the mean velocity 
of a section, the mean of averages of dif- 
ferent points of the cross-section must be 
taken. But the mean velocity of a stream 
is quickly found by one accustomed to 
using the instrument, once the cross-sve- 
tion of the stream is established. The 
principal drawbacks to its employment 
are, that it is not suitable for use in 
streams where there is floating grass or 
weeds, nor for measuring very slow ve- 
locities. A difficulty which should be 
guarded against is the liability of obtain- 
ing too small readings of the column 
which is connected with the tube G J, due 
to dirt gathering in the opening at G and 
so changing the form of its orifice as to 
create a sucking action, as in the tube 
P., Fig. 4. This defect can be guarded 
against by occasional examination of the 
instrument before exhausting air by the 
tube N. Using the instrument in clear 
water rarely gives much trouble, but in 
all work of importance the instrument 
should be rated in water of known veloc- 
ity to obtain its mean variation of read- 
ings from the formula, 


FLOAT WHEELS 


Wheels driven by currents of natural 
streams of water were among the first if 
“ot the earliest forms of water motors. 
‘2 their simpler forms they consist of 
“heels mounted on horizontal axes and 
provided, as shown in Fig. 6, with radial 
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floats or vanes F F, rotation of the wheel 
resulting from vanes on the lower side of 
the wheel dipping down into the water 
and partaking of the motion of the mov- 
ing current. 

When little or no resistance is offered 
to rotation of a wheel of this kind, the 
mean velocity of submerged portions of 
the floats is approximately the same as 


Fic. 6. FLoAT WHEEL 


the mean velocity of the cross-section of 
as much of the current as may be inter- 
cepted by the floats, provided the radial 
dimension of the submerged portion of 
the float is only a small proportion of its 
distance from the axis of the wheel. 
Light portable float wheels, having con- 
nected clockworks for recording their 
revolutions on dials, have been used for 
measuring velocities of open streams, but 
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flow was directed, and, with the floats ex- 
tending to the bottom of the channel, the 
spaces between the floats acted as meas- 
ures of volume. Water wheels used in 
this manner for metering water have been 
called “gage wheels.” 


A very elaborate gage wheel of this 
kind was employed in 1841 by three skil- 
ful engineers, Messrs. Baldwin, Whistler 
and Storrow, to determine the quantities 
of water drawn from the canals of the 
Proprietors of Locks and Canals on Mer- 
rimac river by the several manufactur- 
ing companies of Lowell, Mass., and is 
worthy of mention. In this instance 
measurement was made of the flow which 
took place through a canal which was 29 
feet wide and about 8 feet deep, in the 
manner generally illustrated in Fig. 7. 
For the purpose of adapting the channel 
of the canal to this method of measure- 
ment, the canal was broadened out by ex- 
‘cavating a basin A A A A to a width of 
about 80 feet and the bottom B B was 
raised so as to leave a depth of water of 
about 4%4 feet. Across this basin they 
placed seven paddle wheels each 16 feei 
in diameter by 10 feet long with shafts 
of the wheels coupled together, the shafts 
being supported in bearings which rested 
on solid but narrow piers P. 

The wheels were made with great care 
and were accurately fitted so as to run 
within about 34 inch of the apron or floor 
F and the piers at the sides of the wheels. 
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each 16' dia. x 10 long 


Seven Coupled Gage Wheels, 
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Fic. 7. ELABORATE GAGE WHEEL UseED To MEASURE FLOW OF CANAL 


are impracticable for measuring more than 
surface velocities, and when so used have 
to be “rated” for ascertaining their error 
at different velocities, and are not efficient 
instruments for obtaining the mean ve- 
locity of a stream. Special applications 
have been made of float wheels, however, 
in which the wheels filled the whole 
breadth of channel through which the 


Sheet piling S S S S was driven across 
the heads of the apron, requiring the 
whole flow of the canal to pass between 
the piers and drive the wheels. The 
apron F was formed of timbers cut to 
the sweep of the wheels, being of suffi- 
cient length in direction of the current 
for one float to enter the curved portion 
of the apron on the up-stream side be- 
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fore the preceding float had left the apron 
on the down-stream side. The body of 
water between two floats and the apron, 
which they called a “bucket full,” was 
thus cut off from the rest and passed over 
the apron by itself, and as the wheels re- 
volved the whole flow thus passed in 
successive buckets full. 


POWER AND THE ENGINEER 


accuracy as ordinarily obtainable by weir 
measurements. 

The first of these instruments con. 
sisted of revolving fans or helicoidal 
blades mounted like a propeller on a hori- 
zental shaft on which there was a screw, 
the latter being meshed with a worm 
wheel connected to wheel work for regis- 
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gave rise to so much frictional resistance 
as to render the use of the instrument 
very unreliable. These difficulties are 
overcome in the later forms of propelle: 
wheel instruments, in which the whee! 
work connected to the propeller shaft is 
reduced to the simplest form necessary 
for making and breaking electrical con- 


Fic. 8. CURRENT METER OF MEDIUM SIZE 


The floats were equally spaced, and 
knowing all the dimensions of the wheels, 
the quantity contained in one bucket full 
was readily obtained by computation. A 
clock work connected to one end of the 
shaft showed on a dial the number of 
rotations and fractions of rotations made 
per minute, so that knowing the number of 
buckets full which were delivered and 


discharged, the quantity of water flowing 


over the apron in a given time was read- 
ily determined. The principal sources 
of error in use of such an apparatus 
would be from leakage through and 
around the apron construction and by 
water passing through the clearance 
spaces which were left for the wheel to 
turn in; but as the engineers in their 
report do not appear to have taken any 
such errors into account they must have 
been satisfied that errors of measurement 
from these causes were small enough to 
be neglected. 

The quantities of water which they re- 
ported to have thus measured ranged from 
405 to 595 cubic feet per second, and the 
mean velocities of currents discharged 
through different branch canals were 
found to vary from 81 to 85 per cent. of 
their surface velocities, which is of in- 
terest in showing the variation between 
surface and mean velocity of current, 
the surface velocities in these cases rang- 
ing from about 2 feet to about 3% feet 
per second. 


CURRENT METERS 


For determining the mean velocities of 
open streams at given natural cross-sec- 
tions, current meters are undoubtedly the 
most convenient and accurate instruments 
that can be employed. The earlier forms of 
these instruments were defective in many 
details of design which have been reme- 
died in the later forms, so that under 
most circumstances measurements of 
open streams can be made with the im- 
proved forms of current meter with as 
great accuracy as could be desired for 
most practical purposes, and when condi- 
tions are equally favorable, with as great 


Dodo 


FIG. 


tering the number of revolutions made by 
the propeller shaft. The instrument was. 
set at different depths by clamping it to 
a rod, the lower end of which was held 
firmly on the bottom of the stream, and 
the submerged registering mechanism 
was thrown in or out of gear by pulling 
a cord or wire. This arrangement re- 
quired the whole apparatus to be lifted 
out of the water in order to obtain read- 


Fic. 10. PricE CURRENT METER PRo- 
VIDED WITH WEIGHT AND RUDDER 


ings and exposed the registering mech- 
anism to grit and dirt carried by the 
water, resulting in uncertainty of opera- 
tion of the instrument. This was later 
modified by gearing the main worm wheel 
to a light shaft extended above the sur- 
face of the water and there connected to 
the registering apparatus, but this ar- 
rangement was found awkward for use at 
variable depths, and the shaft connections 


9. SAME METER SUSPENDED 


nection with a buzzer, an electrical re- 
corder or a registering apparatus conveni- 
ently located above water for indicating 
the revolutions of the propeller, and very 
excellent instruments of this kind are now 
produced by various manufacturers. 
Fig. 8 illustrates a medium-sized cur- 
rent meter made by the Keuffei & Esser 
Company. The propeller axis of this in- 
strument is mounted on ball and agate 
bearings and electrical contacts are ar- 
ranged for a single and for every twenty 
revolutions of the propeller, the axis, 
worm gear and contacts being protected 
by inclosure in a metallic torpedo-shaped 
case. The instrument is provided with a 
metallic rudder R which is about 414x12 
inches. The main framework fits loosely 


. around a pole 1 inch in diameter, to which 


it can be clamped for holding the instru- 
ment at various depths; or by means of 
a hook attached to the framework, the 
instrument may be raised or lowered 
by sliding it up or down on the pole 
by means of a suspending rope passed 
over a pulley secured to the upper end 
of the pole. For using this current meter 
at greater depths than would be practic- 
able to use a supporting pole in this man- 
ner, the torpedo-shaped body of the in- 
strument can be unscrewed and attached 
to a large metal rudder, as shown in Fig. 
9, by which it can be suspended by a line 
and anchored at any desired depth, thus 
forming a submerged floating-current 
meter. Two forms of Price current 
meters, as manufactured by W. & L. E. 
Gurley, are illustrated in Figs. 10 and 11. 
The main difference in their construction 
and operation from ordinary forms of 
current meters is that motion is imparted 
to a short vertical shaft by five conical 
buckets arranged on the ends of arms 
which rotate in a horizontal plane, like 
the cups of a vertical-shaft wind gage. An 
advantage of this form of propulsion is 
that the instrument can be employed for 
measurement of velocity of currents very 
close to the bottom and also that positive 
motion can be obtained with slower ve- 
locity of currents than with instruments 
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fitted with helicoidal blades for rotation means of a rubber tube T and receiver R be used in waters containing floating 


of horizontal axes. Another advantage 
claimed for instruments of this type is that 
they revolve at slower speed for a given 
velocity of current and their revolutions 
are therefore more easily counted. In- 
struments of this kind are, however, more 
liable to derangement from débris floating 
in the water and require to be more care- 
fully handled than the common form of 
current meters, but for measurements of 
velocities in shallow streams or where 
the currents have very slow velocities, 
the cup form of current meter appears to 
have decided advantage over the other. 
In the Price meters here illustrated, the 
shaft bearings are in air chambers which 
afford protection from the water and any 
gritty matter it may contain. The up- 
per end of the shaft extends above its 
bearing and is cut down a short distance, 
forming an eccentric. A light spring is 
so arranged as to come in contact with 
the eccentric to successively make and 
break contact at each revolution of the 
wheel. Fig. 10 shows a Price electric 
current meter provided with weight and 
rudder. In use the instrument is sus- 
pended by a cable containing the wires 
for electrical connection to a registering 
apparatus, but employment of an electric 
sounder is preferable, the latter being 
suppled with instruments of this kind in 
the form of a buzzer which is attached to 
a small leather case containing a bisul- 
phide of mercury battery cell. Each 
revolution of the wheel is indicated by 
the buzzer, and the observer counts off 
the revolutions in a given time. 

Fig. 11 shows: a very simple form of 
Price acoustic current meter, made by the 
same firm. It is very compact, light and 
portable and is especially well adapted 
for measurement of water flowing in irri- 
gation ditches, raceways or streams where 
there is moderate depth of water. The cut 
shows the appearance of the meter and 
sections of brass tubing by which it is held 
while in use. Revolutions of the wheel are 
indicated by a hammer striking against a 
diaphragm one blow for every ten revo- 
lutions. The sound of the recording 
stroke is transmitted through the tubing 
by which the meter is suspended, and is 
conveyed to the ear of the operator by 


The operator fixes the receiver in position 
for hearing by passing a rubber band 


Fic. 11. Price Acoustic CURRENT METER 


around his head, thus leaving both hands 
free for manipulation of the meter. 
The disadvantages attending the use 
of any form of current meter are mainly 
that they must be used with care, cannot 


weeds and grass and that they require to 
be frequently rated. Their advantages are 
that they can be employed with less labor 
and expense than by employment of any 
other method of obtaining accurate meas- 
urements of open streams and can be 
used in many situations where other 
methods of measurement would be im- 
practicable. Current meters are usually 
provided with apparatus for determination 
only of the number of revolutions of the 
wheel, and manufacturers generally sup- 
ply rating tables with their instruments 
which give values for lineal feet of water 
passing the instrument per revolution, 
correct within | per cent.; but for best 
results, indications of an _ instrument 
should be checked in some manner before 
and after an important gaging, especially 
if it may have been subjected to derange- 
ment from rough handling. This can be 
done by comparison with surface floats, 
by moving the instrument a known dis- 
tance through still water, or from its indi- 
cations of mean velocity of a cross-sec- 
tion whose mean velocity is known. 

In obtaining average velocity the cur- 


rent meter is submerged to the desired* 


point of cross-section of the stream for a 
krown time, and the number of lineal feet 
of current passing the instrument is de- 
termined for the given time, and this, 
divided by the time in seconds, gives the 
velocity in lineal feet per second. 

In using current meters it is best to 
select a well defined cross-section of 
stream and one through which the flow 
is most nearly uniform in velocity in all 
points of the section. The mean velocity 
may be obtained either by taking the mean 
of averages of velocities of equally spaced 
points in this section; or by taking the 
mean velocity of the averages of veloci- 
ties taken along equally spaced vertical 
lines; or by taking a single reading from 
movement of the instrument uniformly 
over the section. The first and second 
methods are most appropriate for taking 
measurements with an instrument which 
is supported by a pole resting on the bot- 
tom of the stream, but for employment of 
instruments capable of being suspended, 
the last mentioned method has advantage 
in greater convenience and saving of time. 


Wooden Pipes for Conveying Water 


In reporting the recent establishment 
of a factory in Sydney, Australia, for 
making wood pipes for conveying water, 
Vice-Cornsul-General Henry D. Baker 
gives the following details: In speak- 
ing at the opening of the factory the 
Minister of Works of New South Wales 
said that the cast-iron and steel pipe fac- 
tories could not at present fully supply 
the requirements of the State. So large 
was the government demand for steel 
pipes that the manufacturers found it 


most difficult to fill even the State’s 
orders. These wood pipes were not going 
to supersede iron or steel pipes, but they 
were going to meet a demand that could 
not readily be met by the heavier sys- 
tems of piping. A most important fact 
to be considered was that of cost. Here 
the figures given by him were in favor of 
wood pipe. For example, a 3-inch wood 
pipe to withstand a 100-foot head pres- 
sure would cost 21!4 cents a got, in cast 
iron 45% cents, and in steel 8824 cents. 


In the larger diameter the difference was 
still more apparent. Taking the same 
pressure, a 12-inch wood pipe costs 
72! cents per foot, against $1.55 for 
cast iron. Another matter bearing inti- 


mately on the cost was that of weight. A 
3-inch wood pipe weighs about 4 pounds 
per foot, a cast-iron pipe 12 pounds per 
foot; a 12-inch wood pipe weighs 15 
pounds per foot, the cast iron 77% 
_ pounds. This entailed a tremendous sav- 
ing in freight. 
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Installing Induction Motors 


By R. H. FENKHAUSEN 


BELT DRIVE 

Motors should always be installed so 
that a long horizontal drive may be se- 
cured, and the driving side of the belt 
should be the bottom one. This allows 
the top or slack side of the belt to cling 
to a large part of the pulley circumfer- 
ence, with a consequent reduction in the 
belt tension required, which results in 
longer life of bearings and a saving in 
current due to reduced friction loss. 

Pulleys should be crowned and well 
balanced, and for all except small sizes 


Power 


Fic. 1. Wire LACING IN FORMATION 


spoked pulleys should be used. A pulley 
with a web connecting the hub and the 
rim interferes with the ventilation of the 
motor and should be avoided in the larger 
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Especially conducted to be 
of interest and service to 


the men in charge of the 


electrical equipment. 


of the pulley rim, and greater arc of 
contact is therefore secured. A wider 
belt must be used to transmit the required 
power in this case. To obtain the proper 
size of belt for any given load, multiply 
the horsepower by 33,000 and divide by 
the belt speed in feet per minute. This 
result should be further divided by 50 
for single belts and by 80 for double 
belts to give the width of belt required 
for the horsepower. This rule applies to 
leather belts only, with the grain (smooth) 
side next to the pulley. The driving power 
of leather belts run with the flesh (rough) 
side to the pulley is about 30 per cent. 
less. 

For use out of doors, or in locations 
exposed to water or fumes that would 


TABLE 1. INDUCTION MOTOR SPEEDS. 

25 Cycles. 30 Cycles. | 40 Cycles. 50 Cycles. 60 Cycles. aE 

Syn- Syn- | Syn- Syn- Syn- Zz Qa 
chron- | Full | chron- | Full |chron-| Full | chron-} Full |chron-| Full 8 | 
Poles.| ous. | Load.| ous. | Load. | ous. | Load | ous. | Load.| ous. | Load. | Poles. | 33 a 
SPP 

2 | 1500 | 1390 | 1800 | 1700 | 2400 | 2230 | 3000 | 2830 | 3600 | 3350 2 |208 
4 750 705 900 840 | 1200 | 1120 | 1500 | 1390 | 1800 | 1710 4 Ras 
6 500 470 600 575 800 750 | 1000 950 | 1200 | 1120 6 a = S 

8 | 375 355 450 435 600 575 750 710 900 850 8 3° 
10 300 283 360 350 480 455 600 580 720 630 10 i Zz 
12 250 235 300 290 400 375 500 470 600 580 12 Ae 
14 214 200 257 248 343 325 428 400 514 495 14 Pi a 
16 187 178 225 218 300 290 375 355 450 435 16 Fs we 
18 167 160 200 190 267 258 333 320 400 390 18 an 
20 150 142 180 170 240 232 300 287 360 350 20 5 " 
24 125 118 150 140 200 190 | 250 240 300 290 24 =F 
30 100 95 120 112 160 150 200 190 240 230 30 = 
36 834 00 133 167 200 s | 8. 
42 714 874 114 143 175 42 ¢3 
48 624 75 100 125 150 48 a8 


sizes. The only advantage of the webbed 
pulley is that it can be easily balanced 
due to the possibility of machining it 
all over. Paper pulleys give excellent 
results for motor drive and are sup- 
plied by most makers with the motors; 
the belt tension required for a given 
load is less than with a steel pulley owing 
to the better adhesion of the belt to the 
pulley. 

Double belts will, of course, carry 
heavier loads than single belts of equal 
widths, but where the motor pulley is 
small the greater flexibility of the single 
belt makes its use advisable, because 
it can conform more closely to the curve 


destroy a leather belt, it is often neces- 
sary to use rubber or canvas belts. A 
rubber belt will carry almost as much 


Fic. 2. Wire LAcING COMPLETE 


load as a leather belt run with the flesh 
side to the pulley, but canvas belts can 
be relied on only for half this load. 
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Pulleys should be as large as possible, 
as not only is the arc of contact greater. 
but a smaller belt can be used for a 
given load with large pulleys than with 
small ones, owing to the greater speed 
of the belt. The size of pulley selected, 
however, should be such that the peri- 
pheral speed will never exceed 4500 feet 
per minute, as at belt speeds higher than 
this there is a decided tendency to slip 
on the pulley, due to centrifugal force, 
and the friction and heat caused by this 
slip will rapidly destroy the belt. The 
standard speeds for which induction 
motors may be obtained are given in 
Table 1. In measuring crowned-face pul- 
leys the size should not be determined 
either at the peak of the crown or at 


Fic. 3. CHAIN-DRIVEN DRILL 


the edge of the pulley, but at a place 
midway between. Endless belts are, of 
course, the best for motor use, but in 
locations where there is little room to 
move the motor to take up the stretch of 
the belt, their use is a needless expense, 
as sooner or later it will be necessary to 
cut out a piece. 

Of all known methods of joining belts 
the rawhide lacing is the worst, especially 
for motor belts, because the lacing makes 
a large lump which strikes the pulley 
with a hammer blow every time the joint 
comes around, and severe wear on the 
bearings results. Wire lacing gives good 
results, but the best lacing known to the 
writer is that shown in Figs. 1 and 2. 
A helical spring is inserted in each end 
of the belt by means of a special too!. 
The springs are then flattened out, and 
a small rawhide rod inserted in the loops, 
forming a hinged joint which is mor: 
flexible than the belt itself, and perfectly 
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flush. Another advantage is that the 
joint may be opened at any time in a 
few seconds, when it is necessary to 
remove the belt, and replaced without re- 
lacing. When belts are in inaccessible 
places, it is possible to insert the lacing 


Fic. 4. JOURNAL BRACKET WITH COUNTER- 
SHAFT BEARING 


while the belt is on the floor, and it is 
only necessary to push the small raw- 
hide rod into place after the belt is passed 
over the shafts. 


CHAIN DRIVE 


For short vertical drives where neither 
belts nor gearing can be successfully 
applied, as when a motor located on the 
floor above drives a line shaft directly 
under it, the modern “silent” chain drive 
will give tne best satisfaction. There 
are several types of chain now on the 
market, the best known being the Renold 
and the Morse. Both of these makes of 
chain work with special sprockets ac- 
curately cut to mesh with the links of the 
chain, and when properly installed and 
not overloaded, they afford one of the 
most satisfactory methods of connecting 
a motor to its load. The chain runs 
more quietly than a gear drive, even when 
the latter is equipped with rawhide 
pinion, and is less troublesome and more 
efficient than a belt. 

Fig. 3 shows a chain drive installed in 
the writer’s plant. This is a case in 
which a small relative movement was 
necessary between the motor shaft and 
the driven shaft, and the application 
would have been impossible with belts 
or gearing. 

GEAR DRIVES 


For gear drives the first essential is 
that both the bearings for a pair of 
gears must be in the same casting or else 
bolted to the same rigid foundation. A 
wood foundation must never be depended 
upon to maintain the correct center to 
center distance for a pair of gears, be- 
cause shrinkage of the wood or loosen- 
ing of the foundation bolts in their holes 
is almost certain to occur, and prevent 
quiet and efficient power transmission. 
Fven when a steel foundation is used, 
cither fitted bolts or dowel pins must be 
employed to insure the maintenance of 
‘© original centers. The best method 
‘id the one that should be employed 
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whenever possible, is to use back-geared 
motors. Almost all manufacturers will 
supply interchangeable heads for their 
standard motors, somewhat similar to the 
one shown in Fig. 4, containing extra 
bearings for the countershaft, and the 
bearing centers are so calculated that a 
wide range of speed reduction (or in- 
crease) is possible. 

The distance from center to center of 
a pair of gears should always be cal- 
culated. The following simple rules will 
be found useful for the solution of gear- 
ing problems on the diametrical pitch sys- 
tem, which is the one employed for nearly 
all cut gears: 


GEARING RULES 


The diameter pitch of a gear is the 
number of teeth to each inch of its pitch 
diameter. 

The circular pitch of a gear is the 
center to center distance of the teeth on 
the pitch circle. 

Divide 3.1416 by the circular pitch to 
get the diametrical pitch. 

Divide 3.1416 by the diametrical pitch 
to get the circular pitch. 

To obtain the diametrical pitch of any 
gear, add 2 to the number of teeth and 
divide by the outside diameter. 


Direction of Thrust 


Head of Motor 


. 
Fic. 5. THRUST BEARING FOR BEVEL-GEAR 
DRIVE 


To obtain the proper clearance between 
the top of the tooth on one gear and the 
bottom of the tooth on the other gear, 
divide 0.157 by the diametrical pitch, or 
divide the thickness of the tooth on the 
pitch circle by 10. 

To obtain the working depth of the 
teeth divide two by the diametrical pitch. 

To obtain the center to center distance 
for any pair of gears, divide the sum 
of the number of teeth in the two gears 
by twice the diametrical pitch. 

To obtain the pitch diameter of any 
gear, divide the number of teeth by the 
diametrical pitch. 

The practice indulged in by some 
“mechanics” of shoving gears into mesh 
until they look “about right” is barbarous, 
and should never be allowed. The proper 
centers can only be determined by cal- 
culation, which is quite simple, however. 

Rawhide pinions should be used for all 
motor pinions, but except in special cases 
they should not ve shrouded, as the pres- 
ence of shrouds on the pinion will often 
necessitate displacement of the entire 
motor frame in case the removal of either 
gear becomes necessary. 
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When bevel, miter, spiral or worm gear- 
ing is to be installed in conjunction with 
a motor drive, due allowance must be 
made for the end thrust on the motor 
shaft and some form of thrust bearing 
similar to that shown in Fig. 5 installed. 


Fic. 6. FLEXIBLE COUPLING 


Ordinary motor bearings are not de- 
signed for end thrust and if a special 
thrust bearing is not used, the shoulder 
on the shaft will soon wear its way 
into the soft lining of the bearing, and 
alter the gear centers considerably, be- 
sides risking serious injury to the motor. 

Vertical motors also require thrust 
bearings, but as these are invariably fur- 
nished by the manufacturer of the motor 
it is only necessary to call attention to 
the fact that such bearings are designed 
for a limited load, and before any addi- 
tional load, such as a centrifugal pump, 
rotor, etc., is imposed upon them, the 
manufacturer’s device should be secured. 


Direct CONNECTION 


The ideal method of connecting a motor 
to its load is, of course, by direct coup- 
ling, but owing to the high speeds of 
motors as compared with the average 
industrial load, its use is rather restricted. 
A slow-speed motor is, of course, heavier 
and consequently more expensive than 
a high-speed motor of the same horse- 


Fic. 7. BRAKE WITH MAGNETIC RELEASE 


power, but whenever the speed of the 
driven shaft is high enough to allow di- 
rect connection to a slow-speed motor 
this method should be employed. The 
saving in belts, shafts, pulleys, gears, and 
hangers will almost, if not quite, offset 
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the difference in price, and the saving in 
transmission losses and the shafting and 
belt maintenance will be quite an item. 
For inducticn motors the number of 
speeds possible with direct connection is, 
of course, limited, there being only one 
possible speed for each number of poles, 
as given in Table 1. 

Owing to the difficulty of procuring ac- 
curate mechanical alinement with three 
or more bearings, the use of some form 
of flexible coupling, such as that shown 
in Fig. 6, between the motor and its load 
is desirable. This not only takes up any 
shock and vibration due to unsteadiness 
of the load but serves to protect the motor 
from negligence on the part of the me- 
chanical department, in establishments 
large enough to have separate electrical 
and mechanical repair forces. Induction 
motors necessarily have small air gaps 
and the bearings must therefore be kept 
in good condition. If the motor shaft is 
rigidly connected to the load shaft, any 
undue wear of the bearings of the latter 
shaft will impose additional load on the 
motor bearings, but by the use of a 
flexible coupling each set of bearings can 
assume its proper portion of the load. 


GENERAL SUGGESTIONS 


For reversing service the use of a brake 
is imperative, in order that the motor 
may be stopped quickly. Otherwise, the 
motor connections might be reversed 
while the rotor is still running under its 
momentum, which would inflict a severe 
shock on the motor. A form of brake 
for use with induction motors is shown 
in Fig. 7. The magnets are made to 
respond to alternating current and are 
connected across one phase of the motor 
winding. They hold the brake shoes off 
the drum while the motor is in circuit, 
but as soon as the current supply to the 
motor is shut off, the brake shoes are 
released by the magnet and applied by a 
powerful spring. Heat radiating fins are 
cast on the brake drum, as shown. 

When keying pulleys, gears, etc., to 
motor shafts, only gib-head keys should 
be employed; else great difficulty will be 
experienced whenever the key has to be 
removed. When the pulley is loose on 
the shaft, a feather and set screws are 
preferable to a key, because a badly fitted 
key in a loose pulley only aggravates a 
bad fault, whereas a feather, fitting side- 
wise only, may be made to improve mat- 
ters by careful location of the set screws. 


Overheating of gas engines is caused 
by insufficient cylinder lubrication or by 
lack of sufficient jacket water. The pump is 
usually responsible for this latter de- 
ficiency, due to its being worn or to the 
packing being loose or worn out. A loose 
union on the supply pipe will allow the 
pump to draw in air with the water, and 
air locks have been known to form in 
water jackets and prevent the water from 
circulating freely. 
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A New Motor Controller 


The accompanying engraving shows 
the general appearance of a new con- 
troller recently brought out by the West- 
inghouse Electric and Manufacturing 
Company for use in conjunction with 
alternating-current elevator motors. The 
elevator operator has complete control 
over the starting and stopping of the 
motor, but the acceleration is performed 
automatically at a rate that can be ad- 
justed over a wide range at the controller 
but cannot be altered by any action of 
the operator in the car. The electric 
contacts are of the quick-break, butt 
type and are protected by arc shields; 
there are no sliding contacts. 

The controller consists of a slate panel 
on which are mounted two rows of 
switches and their operating mechanism. 


INDUCTION-MOTOR CONTROLLER 


The switches in the upper row serve to 
connect the motor primary with the line 
and those in the lower row cut out, by 
steps, the resistor in series with the 
motor secondary. All of the switches are 
alike, and therefore interchangeable. Five 
primary switches are used for a three- 
phase controller and six for a two-phase 
controller. The switches are opened and 
closed by cams. In closing, each cam 
acts on its own switch through a buffer 
spring which serves as a cushion and 
also compensates for wear; in opening, 
a lug on the cam engages a projection 
on the switch arm and forces the switch 
open positively. The resistor for the motor 
secondary is mounted on the rear of the 
panel. 

The movement of a hand rope or lever 
in the elevator car operates a. sprocket 
attached to the primary cam shaft; turn- 
ing the cam shaft from the off position 
closes the primary switches and starts 
the motor, moving the elevator car up or 
down according to the way the shaft is 
turned. The movement of the primary 
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cam shaft simultaneously releases the 
secondary cam shaft and allows a weight, 
attached to an arm geared to that shaft, 
to fall; this rotates the secondary cam 
shaft and closes the secondary switches 
in proper order. The fall of the weight 
is retarded by an air dashpot, the pis- 
ton speed of which can be so adjusted by 
means of a valve that proper accelera- 
tion can be given to the motor. 

On turning the primary cam shaft back 
to the off position, the primary switches 
are opened and the link at the end of 
the shaft pulls the secondary shaft to 
the “off” position, opening the secondary 
switches and raising the weight, ready for 
the next operation. Opening the primary 
switches completely disconnects the motor 
from the line and stops it. 


LETTERS 


Copper Plating and Brush 
Heating 


Referring to P. L. Werner’s letter in 
the issue of August 23, may I suggest 
that the copper plating on dynamo and 
motor brushes is not intended so much 
to reduce the resistance of contact be- 
tween the brush and a box-type holder as 
to reduce the longitudinal resistance of 
the brush between the face and the point 
where the pigtail is attached. However, 
there is no doubt that unequal efficiency 
of contact between the several brushes 
and their holders will overload those 
brushes which have the most efficient 
contact; but a better plan than scraping 
off the copper plating is to attach a flat 
strip of spring bronze to the rear side 
of each holder so that the end of the 
strip will press against the rear side of 
the brush just above the commutator, as 
indicated in the accompanying sketch. It 
is necessary; of course, to bend the end 
of the strip into a curved form and to 
file a slot in the wall of the box to give 
the curved end access to the brush. If 
the construction of the holder and its 
shank is such that the spring cannot be 
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Rotation 


Mr. MALCOLM’s ARRANGEMENT 
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attached to the rear side of the box, | 
should put it on the front side and turn 
the holders around so that the commuta- 
tor surface runs toward the holder shanks 
instead of away from them. 
Geo. W. MALCOLM. 
Brookyln, N. Y. 
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Portable Gas Power Plant 


The accompanying engravings illustrate 
a portable suction gas producer and en- 
gine recently designed by Capel & Co.. 
of London, to do the same work and 
fulfil the same conditions as the portable 
steam engine. The advantages claimed 
for the portable suction engine over the 
steam engine are as follows: (a) The 
initial cost is about half that of the 
steam engine; (b) the weight of a gas 
engine is about two-thirds of that of a 
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Everything worth while in 
the gas engine and produc- 
er industry will be treated 
here in a way that can be 
of use to practical men. 
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Gas Power Department, 


steam engine; (c) the cost of running 
the gas engine is from one-tenth to one- 
twentieth of that of a steam engine; (d) 
the gas engine can be started in 10 to 15 
minutes from cold, and (e) the attention 
required by it is much less than that re- 
quired by a steam engine. 

The halftone illustration is reproduced 
from a photograph of an 18-brake-horse- 
power set. The engine itself has a shallow 
bedplate bolted to the girder framework. 
The cam shaft is supported in three 
bearings of the ring-oiling type. The 


— 4 
runes 


Fic. 1. PORTABLE SUCTION GAS-POWER PLANT 


Fic. 2. SECTIONAL ELEVATION OF PORTABLE SUCTION GAS-POWER PLANT 


cylinder is supported by the bedplate right 
to the back, and the liner and piston 
are longer than it is the usual practice 
to make them. The liner is held up at 
the back by a broad flange, and is left 
free to expand at the front. There is no 
water joint at the end of the liner and 
the makers allege that they have elimi- 
nated one of the most frequent causes of 
trouble in gas engines. The governor 
controls the speed by throttling the mix- 
ture. Ignition is effected by means of a 
magneto, with variable timing gear. 

The cylinder is lubricated by a force 
pump; a separate lubricator is provided 
for the gudgeon pin, and the crank is 
lubricated by a centrifugal ring. The 
lubricators can be refilled without stop- 
ping the engine. The water-cooling spaces 
in both cylinder and breech end are large, 
and can be inspected at any time by re- 
moving the back plate—a simple opera- 
tion, taking a minute or so. 

The gas producer has been specially 
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designed for this portable plant, and the 
grate area has been made large so as 
to burn coke, or even charcoal, as well 
as anthracite coal. The generator is ar- 
ranged on the regenerative principle, the 
exhaust from the engine being led into 
an expansion chamber underneath the 
_ashpit, the gases being directed by a 
curved pipe against radiating vanes on 
the under side of the ashpit. A shallow 
layer of water is kept automatically in 
the ashpit immediately under the fire 
grate, and the combined heat of the en- 
gine exhaust below and of the fire above 
evaporates this water to the full extent 
that it can be taken up by the fire. This 
arrangement, the builders state, has 
proved of great advantage in their plants. 
With it the consumption of fuel is con- 
siderably reduced, the gas is cleaner and 
more reliable, and the grates last longer 
by reason of the large quantities of steam 
available. The scrubber is of the ordi- 
nary type, except that the inlet gas pipe 
from the generator, the outlet gas pipe 
from the top of the scrubber, and the 
overflow water pipe all enter underneath. 
The sump box is fixed immediately under- 
neath the scrubber between the girder 
frames. 


The framework is supported on axles 
of 4-inch square iron. The road wheels 
are double spoked, 8 inches wide, and 
the whole plant is said to be particularly 
rigid, the engine running under full power 
without vibration, almost as if on a con- 
crete foundation. On the pulley side 
of the engine there is a clear run back 
and front, so that a belt drive can be 
applied in either direction, as the case 
may require. 

The cooling of the engine and scrub- 
bing of the gas are carried out in a 
simple manner. A small plunger pump, 
driven by an eccentric from the cam 
shaft, pumps water from a small rect- 
angular tank alongside the engine through 
the cylinder jacket and scrubber and over 
a wire-mesh cooler. A comparatively 
small amount of water does, we under- 
stand, all the cooling and cleaning neces- 
sary. The following are some of the 
leading particulars of this suction gas- 
power plant: 


Cylinder bore 
Piston stroke 
Flywheel 
Road wheels: 
Front pair 


9 in. 

4 ft. Sin. diam. by 63 in 
cd ke. 4in. diam. by 10 in 
L 2 ft. diam. by 8 in. 
Back pair.......2 ft. 6in. diam. by 8 in 

Overall length, ex- 99 
2 ft. 


clusive of shafts. . 
Overall width at 

5 ft. 6 in. 
8 ft. 6 in. 


6 ft. 3 in. 
3 ft. 


draw bar 
Hight from ground 
to top of scrubber. 
Hight from ground 
to center of engine 
Total weight when 


ready for running. about 4 tons 


We are indebted to The Engineer, of 
London, for the illustrations and the fore- 
going particulars. 
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Edward T. Adams Leaves the 
Allis-Chalmers Company 


The announcement that E. T. Adams, 
for five years the chief engineer and 
manager of the Allis-Chalmers Com- 
pany’s gas- and mill-engine department, 
has resigned that position naturally calls 
to mind some of the notable achievements 
which marked his connection with the 
company. Amongst these is the design of 
the pumping engines at the Thirty-ninth 
street station in Chicago, which engines 
showed a duty of about 150,000,000 foot- 
pounds per 1000 pounds of dry steam; 
this was about 50 per cent, higher than 
the best previous record. 

Another notable piece of work was the 
originating of the present Allis-Chalmers 
gas-engine design. When Mr. Adams 
took hold of the department, the Allis- 
Chalmers Company had made a deal with 
the German builders of the Niirnberg en- 
gine to use their designs and had built a 
300-horsepower engine which was in op- 
eration in the shops. The complexity of 
the valve gear and some radical diverg- 
encies from American practice in steam- 
engine construction proved insurmount- 
able obstacles to the marketing of the 
German type of engine, so Mr. Adams 
worked out the present designs, from the 
foundation up. The only’ Niirnberg 
feature retained was the location of the 
inlet valve at the top and the exhaust 
valve at the bottom of the cylinder, and 
this was not exclusively a Niirnberg 
feature but had been used for years by 
other European builders. 

Under Mr. Adams’ supervision the Al- 
lis-Chalmers Company has built nearly 
50 engines of- 4000 horsepower each; 
these include the engines in the Gary 
plant of the United States Steel Corpora- 
tion. A remarkable feature of the huge 
contract for the Gary engines was that 
when it was made the builders had not 
in operation a single engine of this type, 
so that the designer had no tangible evi- 
dence as to the probable success or 
failure of his designs. 

It is not generally known that Mr. 
Adams has worked his way to the top 
from the grade of journeyman. In his 
young days he carried the tin dinner pail, 
and it was never full enough to endanger 
the handle. He worked in the “shop” for 
the money to pay for his technical educa- 
tion, and after completing it he was em- 
ployed as an instructor at Leland Stan- 
ford Junior University and later at Cor- 
nell. The taste for mechanics was stronger 
than the pedagogic instinct, however, and 
he soon abandoned teaching to take a 
position as personal assistant to the late 
Edwin Reynolds. While in this position 
he worked into pumping-engine design 
and construction, making a specialty of 
low-lift work. 

When the E. P. Allis Company com- 
bined with Fraser & Chalmers, the Gates 
Iron Works and the Dixon concern to 
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form the Allis-Chalmers Company, Mr. 


Adams had worked up to the managemen: 
of the Allis pumping-engine departmen:, 
which he resigned to take charge of the 
gas-engine department of the Westing- 
house Machine Company. After holdin. 
this position three years, during which 
period he made an excellent record in 
designing engines for blast furnace and 
producer gases, he went back to Mil- 
waukee to take the position which he has 
just resigned. 

Mr. Adams recently spent three months 
in Europe, studying the internal-combus- 
tion engine industry there, and found that 
the latest German designs show great 
contrast with those which have hitherto 
been considered representative practice 
in that country. They are even simpler 
than the typical American designs. 


CORRESPONDENCE 


Was It Premature Ignition? 


In a letter in the June 14 number, 
headed “What broke the cylinders off?” 
Clarence Stirling tells of an accident to 
a three-cylinder gas engine in which two 
of the cylinders broke away from the 
frame. The account he gave of the mat- 
ter would lead one to suspect premature 
ignition as the cause of the mishap. 

Suppose a three-cylinder gas engine 
to be running under a heavy load and for 
some reason one cylinder stops firing; 
the resulting overload would probably 
pull the engine up to such an extent that 
the timing of the ignition as set for nor- 
mal speed would be much too early, caus- 
ing explosions before completing the com- 
pression stroke, which might break off 
the two active cylinders. If some part 
of the ignition mechanism should break, 
serious back-firing might cause the cyl- 
inders to let go. 

FRANK E. BooTtu. 

Toronto, Canada. 


[It is difficult to conceive how back-fir- 
ing could break the cylinders loose from 
the frame, because the force of the ex- 
plosion, when back-firing, is relieved by 
the inlet port being open. Perhaps Mr. 
Booth meant preignition instead of back- 
firing.—EbITor. ] 


Broken threads on a spark plug, brok- 
en gaskets, a cracked exhaust pipe, loose 
pet cocks and loose igniters cause a hiss- 
ing sound, while squeaks are usually due 
to lack of lubrication. Knocking may be 
due to something loose, but it is often 
caused by the ignition point being ad- 
vanced too much or by pre-ignition, due 
to carbon deposits. If due to looseness 
of some parts, the flywheel may be loose 
on the shaft; the main bearings or a con- 
necting-rod box may be worn. Lack of 
lubrication or too rich a mixture will also 
produce thumping. 
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Trouble with a Gravity Loop 


The accomanying sketch shows the 
main steam piping to our engines, to- 
gether with the Holly gravity-loop system 
of handling the water of condensation. A 
10-inch pipe leads from the 14-inch main, 
through a separator to a steam drum. 
From this drum two 7-inch pipes pass up 
through the engine-room floor to two 
750-horsepower vertical Corliss com- 
pound-condensing engines. Another 7- 
inch branch connecting with the main 


To 500 Horsepower. 
Corliss Engine a 


To Two 750 Horse- 
power Vertical 
Corliss Engines 
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Readers with Something to Say 


Practical information from 
the man on the job. A let- 
ter good enough to print 
here will be paid for. Ideas, 
not mere words, wanted. 


— 


To 350 Horsepower 
Corlise Engine, 
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STEAM LOOP 


header supplies steam to a 500-horse- 
powe: >orizontal Corliss compound-con- 
densing eng:ne: the separator of this 'me 
is connected to a bucket trap. A third 
branch, 6 inches in diameter. supplies a 
300-horsepower Corliss simple no..con- 
densing engine. 

Three of these engines would not car- 
ry an overload without taking water over 
into the cylinders, the simple engine 
once knocking its head out and smash- 
ing the piston and crank disk. The two 
vertical engines did not meet with any 
serious mishap, but when water came 
into the cylinders they pounded badly. 
The 500-horsepower engine, however, did 
not cause any trouble. 

After the small engine was wrecked 
the conclusion was reached that the 
fault was in the steam main and the 
6-inch pipe was replaced by a 10-inch 
Pipe as indicated by the dotted lines at A. 
This did not improve n.atters any and the 
next move was to examine the check 
valves on the drip pipes tc the gravity- 
loop system. 

It was found that every one of the 
check valves was out of order. When 
these were repaired no more trouble was 
experienced from water being carried 
over. Moreover, it is now possible to 


carry the peak load with two engines 
where formerly three were required. 
THOMAS SHEEHAN. 
Pittsfield, Mass. 


Auxiliary Economy in an Ice 
Plant 


In the modern ice plant it is as neces- 
sary to obtain efficiency from the auxil- 
iaries as it is from the refrigerating ma- 
chine itself. In a plant with which I 
am connected an atmospheric type of 
fore-cooler was used. The cooling water 
contained much scale-forming matter and 
as the water was sprayed over the coils 
from a tank clamped at the top of the 
cooler, considerable water evaporated and 
left a deposit of scale; consequently the 
best the cooler couid de was to reduce 
the temperature of the distilled water 
from 212 degrees to 100 degrees, where- 
as the temperature of the cooling water 
was 70 degrees. Hence, the temperatre 
of the distilled water leaving the co ler 
was 30 degrees higher than the tempera. 
ture ci the cooling water, which meart 
that each pound of water contained 30 
B.t.u. mure than it should if the cooler 
had been doing :ts work properlv. As 
100,000 pounds of aistilled water passed 


through the cooler every 24 hours, it 
meant that 3,000,000 heat units were de- 
livered to the ice tank each day in ex- 
cess of that which the tank was designed 
to take care of. As one ton of ice from 
and at 32 degrees Fahrenheit is equal to 
284,000 heat units, it was evident that 
we were losing nearly seven tons of ice 
daily. 

To obviate this loss we replaced the 
atmospheric type of cooler with a double- 
pipe type of cooler in which there was 
less chance for evaporation and conse- 
quent deposit of scale. After making the 
change we were able to obtain an abso- 
lute interchange of temperature between 
the distilled water and the cooling water. 
This resulted in an increased output of 
6% tons of ice per day. When it is 
understood that the plant did not have an 
abundant supply of cooling water, and 
that the ice retailed at $10 per ton the 
increased efficiency can be readily ap- 
preciated, as the increased receipts netted 
the company S65 per day. 

Paul McINTIRE. 

El Reno, Okla. 


Removing Links from a 
Flywheel 

It was desired to remove the oval links 
from the rim of a flywheel and as they 
had been put on hot the difficulty of the 
operation became evident. At the start 
it was realized that it would be necessary 
to heat the links without heating the 
wheel, for if both were heated the links 
would become tighter. The operation was 
accomplished in the following manner: 

Two large coal-oil blow torches, op- 
erated by compressed air, were used to 
heat the link and the space outside the 
link, also the portion inside the link was 
packed with sheet asbestos. As soon as 
the flame was removed, cold water was 
sprayed onto the side of the wheel op- 
posite to the link and a chunk of ice 
was applied to the inside and outside 
of the rim and another piece on that part 
of the wheel inside of the link. Then 
with a bar in each eyebolt the links were 
removed at the rate of one every 50 
minutes. 

The coefficients of expansion of steel 
and cast iron are different, the cast iron 
expanding more than steel. Hence, had 
both been heated the link would not have 
come off. The coefficient of expansion 
of cast iron is 0.00000617 and of soft 
steel 0.00000599. If the link, which was 
24 inches long, could have been heated 
1500 degrees more than the cast iron of 
the wheel, the clearance of the link over 
the wheel would have been 0.215 inch 
provided the link and wheel sections were 
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the same length when cold. However, 
all links for holding sections of flywheels 
together, when first made, are machined 
to a length somewhat shorter than the 
section of the wheel, so that when heated 
and put on they hold the wheel sections 
firmly together. 
FREDERICK L. RAy. 
Louisville, Ky. 


How to Prevent Bagging 


A device for preventing the bagging of 
fire sheets, which was formerly in com- 
mon use in the boilers of steamboats 
plying the Mississippi river, but which is 
practically unknown to the stationary en- 
gineer, is what is called a scale pan. 
This device is made of galvanized or thin 
sheet iron, about 2 inches deep and 
5 or 6 feet long, and as wide as the en- 
trance through the manhole will permit. 
Small feet are riveted to the bottom or 
sides to hold the bottom of the pan about 
2 inches above the shell. 

These pans are placed inside the boiler 
just over the fire sheet as shown in the 
illustration; and their function is rather 
remarkable to those not familiar with 
their use. In the operation of a boiler of 
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SCALE PAN IN BOILER 


the horizontal-flue or tubular type, all 
the loose scale is carried by the circula- 
tion in more or less definite paths, a fixed 
direction of which is a vertical movement 
directly above the fire sheets. With the 
scale pan located on the fire sheet as 
shown, there is an eddy formed in the 
circulation immediately above the pan; 
and loose scale that gets into this, settles 
down into the pan and remains there. 
As a proof that the scale settles down 
from above and is not swept in over the 
sides, the pan, when removed, is found 
to be packed with scale resting on edge 
as evenly as if placed there by hand. 
No loose scale will be found on the fire 
sheets when such a device is used, unless, 
the emptying of the pan is neglected until 
it is completely filled. Those who are 
troubled with loose scale in their boilers, 
will find -his device an excellent preven- 
tative for bagged or burned sheets. It, 
of course does not in any way tend to 
prevent the formation of scale; it merely 
cares for the scale that has been formed 
and has become detached from the heat- 
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ing surface. Such scale, however, is often 
a source of serious trouble. 
J. E. TERMAN. 
New Haven, Conn. 


The Expansion Valve 


The purpose of the expansion valve is 
not generally understood by engineers 
operating ice and refrigerating machinery ; 
in fact, there seems to be an erroneous 
opinion concerning it. One reason for 
this may be in the term “expansion 
valve,” which to me appears to be a mis- 
nomer. 

Many seem to think that the valve is 
for the purpose of regulating the rate of 
expansion of the ammonia liquid; that 
this valve is to be opened only enough 
to allow the liquid ammonia to instantly 
flash into a vapor and that great care 
must be taken to prevent any ammonia 
liquid from getting past it. 

Ammonia was chosen as a refrigerating 
agent for a number of reasons, one of 
which is that ammonia gas under mod- 
erate pressures will rise in temperature 
to a point at which water at ordinary tem- 
peratures can be used to remove the heat 
from it; also because a certain quantity 
of ammonia gas will be condensed for 
every heat unit that is removed by the 
water. The fact that it will condense at 
moderate pressures makes it particularly 
valuable. If, like air, it condensed only 
when subjected to excessive pressure, it 
would not be of commercial value. 

It might be stated in this connection, 


' that it is possible to refrigerate with air 


or other gases without condensing them. 
It is necessary only to compress a given 
volume, at a low pressure, into a much 
smaller volume, thereby raising the pres- 
sure and temperature; then, by removing 
the heat the gas will expand to its origi- 
nal volume and take up heat from the 
surrounding vessel. The great objection 
to using air and some other gases, which 
are much cheaper than ammonia, is be- 
cause of their high vapor teusion; that 
is, they give up their heat slowly and, 
even after giving it up they remain in a 
gaseous state, occupying practically the 
same space as before and prevent other 
hot gases from coming in contact with 
the heat-removing surfaces. 

A greater number of heat units must 
be removed from a pound of ammonia 
gas to change it to a liquid than from 
any other gas whose boiling point is suffi- 
ciently low at low pressures to warrant 
its use for refrigerating purposes. Also, 
ammonia at low pressures will boil at a 
temperature below that of the surround- 
ing atmosphere. 

Still another reason for ammonia being 
the choice of many for this purpose is 
because of its high latent heat. At a 
gage pressure of 152 pounds, 502 heat 
units must be removed from a pound of 
ammonia gas to liquefy it at a tempera- 
ture of 85 degrees Fahrenheit. To re- 
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evaporate this pound of liquid it is nec- 
essary to apply 502 B.t.u. This is done 
in refrigerating systems by opening th: 
expansion valve and allowing the am- 
monia liquid to pass to a lower pres. 
sure (say, 15 pounds gage), in the cooi- 
ing coils. Under this pressure its boil- 
ing temperature is zero degrees Fahren- 
heit as against a temperature of 85 de- 
grees at 152 pounds. For the purpose 
of illustration consider the specific heat 
of ammonia liquid as one, which is nearly 
correct. In passing through the expansion 
valve a pound of ammonia liquid will 
fall 85 degrees in temperature, and 85 
B.t.u. will be given up by the ammonia to 
reduce its own temperature. Due to this 
change of temperature, 

. 85 — 502 = 0.169 
pound of ammonia liquid will be evap- 
orated into gas. Beyond the control of 
the expansion valve 

(502 — 85) + 502 = 0.832 
pound of ammonia will remain in the 
liquid state to be boiled finally by the 
heat to be absorbed from the cold-storage 
room or ice tank, which must give up 417 
B.t.u. 

J. J. NASH. 
New Haven, Conn. ; 


am What Causes the Scale? 


We use steam-heated cast-iron forms 
to bend wood into various shapes. The 
wood is first dipped into hot water (never 
soaked) and then placed between the 
forms. After using for a short time the 
smooth surfaces of the forms take on a 
black scale, similar in appearance to rub- 
ber. This stains the wood and necessitates 
frequent scraping and cleaning.  Kiln- 
dried basswood is used and contains no 
pitch. 

Are there any Power readers who 
have had a similar experience, or who can 
account for the formation of the scale? 

E. F. LYNncu. 


Charlestown, N. H. 


Philosophical View of Trouble 


Not long ago I visited a large turbine 
plant in which the working steam pres- 
sure was 200 pounds with 150 degrees 
superheat. I asked the chief if he had 
ever had any real troubles with leaky 
valves due to superheated steam. ‘Not 
a bit,” he replied. Just then the steam 
fitter came in and said, “Steam is blowing 
through that joint at such a rate that we 
cannot put in a new gasket; that gate 
valve leaks like a sieve.” 

The chief touched a button and when 
another man, who was the operating en- 
gineer, appeared, he said to him: ‘Start 
the auxiliaries on No. 2 turbine and when 
they are going all right open the throttle 
and see if the condenser and air pump 
will take care of the steam that is leak- 
ing past the line stop valve.” 

After the men had left the room he 
turned to me and said, “That is the worst’ 
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case of trouble I have had from the use 
of superheated steam. Such an exper- 
ience might annoy some men, but I do not 
think of calling a thing trouble that can 
be remedied by giving a few orders. Such 
things do not occur often enough to in- 
crease the operating expenses of the 
plant and I am not going to get wrinkles 
and headaches over them. It is no more 
trouble to start a 9000-kilowatt turbine 
to take care of a littre steam than it 
would be to put the turbine into regular 
service. By the time the job is com- 
pleted, it will be nearly dark enough to 
call for throwing in another uit and it 
will already be running. Trouble, well, 
no, not much.” 
H. A. WARNER. 
New York City. 


A Broken Valve Stem 


Our engine is of the slide-valve type 
with a throttling governor and runs at 
198 revolutions per minute. One*morn- 
ing upon starting, the governor seemed 
to stick and the engine speeded up 
more than usual. But as the guvernor 
scon had the engine under control, I con- 
cluded that the trouble had been due to 
the stuffing box on the governor stem. 

Everything ran smoothly until about 
8 p.m. when the valve stem broke. How- 
eyer, the engine stopped before I reached 
the throttle. We proceeded to remove the 
valve-chest cover and found a strip of 
brass about 3 inches long wedged tightly 
between the valve and the seat. The ques- 
tion arose, “Where did the piece of brass 
come from ?” 

About four years ago the piping be- 
tween the boilers and the engine had been 
removed and larger piping installed. The 
new piping had been unloaded upon the 
ground among a pile of scrap and had 
then been put into place without being 
cleaned out. This undoubtedly accounts 
for the presence of the piece of. brass 
which had worked along the pipe until 
it reached the valve chest. 

L. H. SISSON. 

Muskegon, Mich. 


Fan Troubles 


Some years ago I was sent to locate 
the trouble with a drier, such as is used 
to dry sand and broken stone. I started 
without blueprints, confident that the 
trouble was due to the people in charge 
not knowing how to operate the fan and 
that I did. The fan was of the disk type, 
4 feet in diameter and was running at 
its rated speed in the right direction. 
The smoke was pouring out from almost 
every place except the top of the stack. 

My first move was to open the clean- 


-ing door at the bottom of the fan hous- 


ing, thinking that the fan was starved, 
but with no results. After due delibera- 
tion I had the 10-foot section of the 
Stack unbolted at the elbow, but: with 
S!l no results. While the stack was off, 
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I climbed on top of the elbow to test 
the force of discharge with a newspaper 
and instead of the paper being blown 
away, it was drawn down the elbow and 
into the fan. Shes 

About this time I began to wish for 
some blueprints, but as they were 1000 
miles away, they were out of reach. Af- 
ter taking numerous measurements and 
using the long-distance ’phone, I had a 
new elbow made at our shop. When it 
arrived, we found that it was 2 inches 
larger in diameter at the fan end than 
the one that had been sent with the fan. 
The elbow, stack and fan casing had 1%- 
inch angle-iron flanges riveted to them 
and the flange at the fan end of the old 
elbow projected about 1 inch ll 
around the fan flange. Then we noticed 
that there were two sets of holes in the 
fan flange; the first set had not fitted the 
elbow, so the erector had made a new 
set. It was this unused set of holes that 
caused all the trouble, _ 

ALBERT IHLENFIELD. 
Cleveland, Ohio. 


~~ What Causes the Bolts to 
Break? 


A 3-foot water wheel working under 
a 320-foot effective head and running at 
300 revolutions per minute has been giv- 
ing considerable trouble by the breaking 
of the bolts which hold the buckets to 
the runner. The wheel is constructed as 
shown at A in the sketch, and it is the 
smaller set of bolts that break. 


MANNER IN WHICH Buckets ARE AT- 
TACHED 


The centrifugal force causes a tenden- 
cy of the bucket to swing around the 
larger bolt in the direction of the ar- 
row, while the force of the water tends 
to swing the bucket in the opposite di- 


‘rection. My theory is that the bucket vi- 


brates between these two forces and 
crystallizes the bolt by this continual 
jarring. 

The wheel is built so close that it is 
impossible to tighten the bolts with an or- 
dinary monkey or S-wrench; hence it was 
the practice to tighten the nuts with a 
hammer and chisel. Recently, however, 
socket wrenches have been used for this 
purpose, and no more bolts have broken. 
The wheel has now been run about two 
weeks, while formerly a bolt broke often. 

_I believe that the buckets should have 
been designed like those shown at B, so 
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that the centrifugal force would have a 
tendency to swing the bucket in the same 
direction in which the force of the water 
acts, so that there would be no vibration 
between the two forces. 
G. E. MILEs. 
Salida, Colo. 


Rope Transmission Problem 

In a certain mill a rope drive was in- 
stalled under the following conditions: 
The engine pulley was 14 feet in diameter 
and grooved for 13 ropes. As only about 
one-half of the machinery was installed 
at first, a sheave 9 feet in diameter was 
placed on the driven shaft, this sheave con- 
taining seven grooves. When the remaining 
machinery was later installed, another 
sheave was ordered and piaced on the 
driven shaft beside the first one; both 
were keyed to the shaft, making them the 
same as one sheave. The extra amount of 
rope was added to fill the entire 13 
grooves, the drive being operated on the 
continuous wind system. 

After the change had been made it was 
discovered that the new sheave was !4 
inch smaller in diameter than the other 
one. The engineer of the plant would 
like some opinions as to whether this dif- 
ference of diameter between the two sec- 
tions of the driven sheave will seriously 
interfere with the efficiency of transmis- 
sion. What effect will it have on the life 
of the rope, and which section of the 
driven sheave will transmit the greater 
amount of power? 

S. KIRLIN. 

Blockwell, Okla. 


A Problem in Economy 

We have a cross-compound, two-stage 
air compressor, compressing to 100 
pounds and rated at 1000 cubic feet of 
free air per minute. As only about 350 
cubic feet per minute are used I would 
like to know whether it would be cheaper 
to use the air for forcing the fires of our 
boilers instead of steam which is now 
employed. In this way the machine could 
be worked at a higher efficiency. We use 
the exhaust steam for heating the feed 
water and in winter for heating the build- 
ing, and it seems to me that the use of 
the air would be a cheaper proposition. . 

The steam blowers used at present are 
of %-inch pipe and the boiler pressure is 
120 pounds. The feed water enters the 
boiler at 210 degrees. The boilers are 
of the firebox type, each having 1800 
square feet of heating surface and 27 
square feet of grate surface, and a 
natural stack draft of ™% inch. 

We also have two 100-kilowatt turbine- 
driven alternators which carry only an 
average load of 45 kilowatts. Would it 
sake an appreciable saving to install a 
motor-driven air compressor of about 300 
cubic feet capacity to bring the turbines 
up to nearly full load? 


Lincoln, Neb. 


H. M. Lewis: 
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Measuring Clearance 


I noticed in the June 14 issue an in- 
quiry on getting the clearance of an en- 
gine or compressor. I offer my method 
as it is quick and accurate. 

Set the engine on its crank-end center, 
loosen the piston-rod nut and screw the 
rod inte.the crosshead until the piston 
strikes, Phen, set the nut up with the 
fingers and-roll engine over onto its head- 
end center; and back the rod out of the 
crosshead until it hits the cylinder head. 
Caliper the distance between the nut and 
the crosshead. This gives exactly the 
clearance. 

P. S. BLACK. 

Terrell, Texas. 


The Advantage of Com- 
pression 


In the article, “Is Compression Eco- 
nomical ?” in Power for June 28, the sub- 
ject seems to be dismissed by the editorial 
comment, inserted on the first page of the 
article, with the faint praise that compres- 
sion is merely an aid in “helping the en- 
gine quietly over the center.” As “com- 
pression” has been such a faithful servant 
to me, I am not willing to have it 
“damned with faint praise.” 

I agree with the article referred to in 
the conclusion that the work done by a 
well designed and constructed engine with 
a given amount of steam is not ap- 
preciately changed with or without ¢om- 
pression and that the only apparent bene- 
fit is the quiet and smooth running of the 
engine. But the consequent low cost 
of upkeep of the brasses may be called 
economy. There are benefits gained out- 
side of the engine room which are de- 
rived from the engine passing its center 
quietly. 

In order to make this plain it will be 
necessary for me to be reminiscent. I 
was called upon by a business man of 
ample means from a Mississippi river 
town in Iowa in the middle fifties. He 
had traveled by stage some 60 miles to 
consult with me about the probable cost 
of the machinery necessary for a flouring 
mill, the output of which would be 500 
barrels in 24 hours. After the preliminaries 
had been discussed, the question was pro- 
pounded, “Can you build a steam mill 
which will give as good results as a 
water mill?” By this my client wanted to 
know whether it was possible to obtain as 
steady motion from an engine as from a 
waterwheel. That an engine was capable 
of doing this was denied by nearly all 
head millers of that period. My answer 
was that I could and that the miller on 
the grinding floor with no other knowl- 
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Comment, criticism, sug- 
gestions and debate upon 
various articles, letters and 
editorials which have ap- 


peared in previous issues. 


edge than that obtained from the op- 
eration of the machinery could not tell 
whether it was driven by water or steam. 
The result of the conference was that 
I was commissioned to go ahead with the 
plans and erection of a steam-driven mill. 
My employer instructed me not to spare 
any expense necessary to make the mill 
first class in every particular and cap- 
able of making 500 barrels of flour in 
24 hours without using more than five 
bushels of clean wheat per barrel. 

In the middle fifties railroads west of 
Chicago were conspicuous by their ab- 
sence and as the mill was on the Mississ- 
ippi river, St. Louis was the most natural 
place to go to find what I wanted. A 
Corliss engine was considered but the 
high price, difficulty and uncertain trans- 
portation facilities and long time wanted 
for delivering caused its elimination. The 
engine which was selected was 24 inches 
in diameter and had a 72-inch stroke. 
The engine was of the side-lever, bal- 
anced-poppet valve style. The admission 
valves were actuated by pointed cams 
made to cut off admission at one-quarter 
stroke and arranged so that 5 per cent. 
of variation either way could be made. 
The exhaust valves were operated by 
separate cams, arranged for adjustment 
for late or early closure. The engine 
outfit was of typical Mississippi river 
steamer style. The engineer selected to 
take charge was an old “river” engineer. 
He nearly had a fit when he learned that 
this engine was to make 50 revolutions 
per minute. 

The 12 runs of 5-foot stone in 
line on a husk frame at the front of 
the mill were driven by cone gears 60 
inches in diameter matching pinions on 
the stone spindles 30 inches in diameter. 
Both cone gear and pinion had an 8- 
inch face. The husk shaft was driven by 
a belt, 40 inches in width, from the en- 
gine shaft. The driving pulley on the engine 
shaft. was 24 feet in diameter. The re- 
ceiving pulley on the husk shaft was 12 
feet in diameter. The flywheel on the 
engine weighed about 15 tons. I found 
that the ratio of the speeds of the en- 
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gine and the mill stones was not large 
enough to secure smooth operation. The 
distance between the centers of the en- 
gine shaft and the husk shaft was 75 
feet and a tightener pulley, 60 inches in 
diameter, rode on the belt 20 feet from 
the husk shaft. The tightener woulda 
“bob” up and down in synchronism it 
seemed with the exhaust of the engine 
and the growl of the cone gears playe?” 
an accompaniment to the dancing of the 
tightener. 

I had an indicator even at that early 
date. I had never seen one but I had 
seen a picture of one in the Scientific 
American and as I realized its utility | 
made one which answered my purpose 
for some years. When I attached the 
indicator to the engine and took some > 
diagrams my “river” engineer was nearly 
paralyzed. The diagrams were as nice 
square-headed cards as one could wish 
for. I manipulated the exhaust cam until 
I stopped the dancing of the tightener 
and the growl of the cone gears and after 
squaring up the admission valve I took 
some more diagrams and found that I 
was using compression for about 15 per 
cent. of the stroke. Everything was run- 
ning silently and smoothly. The old en- 
gineer swore by all that he held sacred 
that they were using only about three- 
quarters of as much coal as they had 
been when they started. 

This is one of the reasons why I do 
not like to have compression lightly re- 
ferred to as something we may use or 
not as it suits us. I would advise young 
engineers to make a close study of the 
question, not so much with the mathe- 
matical formula but with just good com- 
mon sense; some theory and a “heap” of 
practice. 

Of course, the old engineer was away 
off about the saving in coal but all was 
going so smoothly and nicely that we 
were willing to let him have his think. 

A. CLARKE. 

San Diego, Cal. 


Incompressibility of Water 


In the July 12 issue, M. M. H. asks 
“if water at great depths is so dense that 
iron will not sink to the bottom,” and the 
answer given was that “water is incom- 
pressible.” This is not absolutely correct, 
but is approximately correct. 

“Kent” states that the compressibility 
is from 0.000040 to 0.000051 for one 
atmosphere depending upon the salts 
held in solution and also upon the tem- 
perature. Figuring roughly, the weight 
of cast iron as 450 pounds per cubic 
foot and water at atmospheric pressure 
as 62.5 pounds per cubic foot, and as- 
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suming a cubic foot of water to increase 
1, pound for every mile in depth, at a 
depth of 775 miles cast iron would stop 
sinking. 

Perhaps some of the unfathomed parts 
of the ocean run this deep. 

This “splitting hairs” over such a mat- 
ter may be unnecessary, as perhaps M. 
M. H. wanted only an approximation. 

OSMER EDGAR. 

St. Louis, Mo. 


Induced Draft Trouble 


Referring to the letter of Mr. Faulthier, 
in the July 12 issue, I believe his trouble 
is caused by the manner in which the 
discharge pipe C in the accompanying 
sketch is set. The effect is shown by 
the arrows B. Any increase of power or 
speed will only magnify this effect, but 
the draft will not improve. 
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Bearing Lubrication 


In the issue of Power for July 19, Wil- 
liam Kavanagh has reiterated some of 
those old theories known to the older 
class of engineers. Some of the state- 
ments, to my mind, are misleading to the 
younger fellows who are working their 
way up the ladder. For instance, the 
use of the brass tube in the hollow 
crank pin was abandoned in all good 
practice years ago. It looks O. 
K. theoretically, but let us study the 
practical side a little. The tube has 
to be filled before the engine is started 
and the plug screwed in. How long is 
it to be supposed that the quantity of 
oil contained in this small tube (it must 
necessarily be a small tube in order not 
to weaken the pin) is going to last ? There 
are no means of replenishing the tube 
without shutting down. Most all of the 


DIRECTION OF CURRENTS INDICATED BY ARROWS 


The trouble may be corrected by an 
elbow being attached as at A. This is 
not the best, but it is the cheapest solu- 
tion of the trouble. 

W. H. KELLER. 

Ansted, W. Va. 


A right-angle bend is a bad thing in a 
chimney flue. An acute-angle bend is 
much worse. The gas is choked after 
leaving C by having its direction sud- 
denly changed at an acute angle. The 
remedy is to make a curved flue between 
C and the stack so as to reduce the fric- 
tional losses. 

WILLIAM KENT. 

Montclair, N. J. 


Stress in Rim Bolts 


In reply to Patrick Mulham, who in- 
quires in the July 19 issue about the 
Stress in the rim bolts of a driving pul- 
ley, I give my opinion that the bolts are 
beth in tension and in shear. They are 
in tension due to centrifugal force and 
in shear due to inertia. 

CHARLES A. BLUE. 

Roslindale, Mass. 


modern engines that are fitted with a 
hollow crank pin are also fitted with a 
centrifugal oiler or some arrangement to 
provide for a continuous supply of lubri- 
cant. 

Mr. Kavanagh states that all of the 
soft-metal bearings in his plant were con- 
signed to the scrap heap long ago. In 
my experience, covering a period of 20 
years, I have found that a brass box will 
not work successfully with a machine- 
steel shaft or crank pin as the two metals 
will cut each other. If the pin is case- 
hardened, the brass will be cut. On the 
other hand, a soft-metal box such as of 
babbitt metal, will wear indefinitely. I 
have here in my engine room a 12x30- 
inch engine running at 120 revolutions 
per minute that has babbitt-lined bear- 
ings that have not been rebabbitted in 
27 years; they are still in splendid con- 
dition. On the contrary, the crank pin 
of this same engine was fitted with brass 
boxes which have been renewed two or 
three times as also has the pin itself dur- 
ing that time. The last time that this 
operation was performed the engine was 
fitted with babbitt-lined boxes. Since 


then no trouble has been experienced 
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either from heating or unsatisfactory run- 
ning in any way. 

If brass boxes are superior, why do 
the majority of the large, engine-building 
firms of the present time fit their engines 
with babbitt-lined bearings and crank-pin 
boxes and even babbitt-covered shoes on 
the crosshead ? 

CHARLES H. TAYLOR. 

Bridgeport, Conn. 


Boiler Setting 


In reply to Mr. Shout’s questions in the 
July 26 number concerning boiler-set- 
ting design, I believe that a distance of 
60 inches between the grates and the 
shell of a 72-inch boiler is good practice. 
The bridgewall should be 44 inches high. 

With this construction ample combus- 
tion space is assured. 

GeorceE W. SHILLING. 

Massillon, O. 


Two Meters on the Same 
Line 

In the August 2 issue, Mr. Blue asks 
for an explanation of the fact that two 
meters on the same line, one ahead and 
the other back of the pump, vary from 
30 to 60 per cent. in their readings. 

The variation of the meters may be due 
to three causes: First, both may not be 
calibrated so as Yo record the correct 
amount of water passing through them; 
second, if the meter between the pump 
and the tank does not register as much 
as the other meter it may be due to 
water being lost through the packing 
around the pump pistons; third, unless 
there is a fairly constant flow of water 
through the meters they will not register 
exactly alike. I recall a case some years 
ago where there was a meter on a line 
supplying a fountain. The owner, with 
a view toward economy, sometimes cut 
down the supply of water. When the flow 
was decreased to a certain point the meter 
would not register, although a small 
amount of water passed through it. 

W. H. KELLER. 

Charleston, W. Va. 


Asbestos Packed Blowoff 


In answer to R. G. Parker in the 
August 2 issue, I would like to say that 
I have had a good deal of experience with 
blowoff valves and have not found as- 
bestos-packed cocks reliable. In the plant 
where I am now employed we have a 
jet condenser and cooling tower. As the 
water is used over and over again, it is 
only necessary to blow down the boilers 
once a day, but the operation of opening 
and closing the asbestos-packed cocks 
once a day caused them to leak badly 
within two or three weeks after being 
installed. 

We purchased expensive valves with 
screw stems and brass disks and seats to 


| | 
} iv 
| 
| | 
| 
iN | * 
A 
/ vA \ \ LT} | 
4 
4 
q 
| 
} 
; 4 
i 


1568 


replace the cocks. The seats had to be 
ground every time the boilers were 
cleaned, and in spite of this the valves 
would leak in a very short time. We are 
now using valves with removable disks 
made of composition. These valves give 
every satisfaction, and it is a short job 
to renew the disks. 

I was once in charge of a power 
plant, the boilers of which were fitted 
with cast-iron plug cocks. These cocks 
were placed just inside the wall of the 
boiler room. One frosty morning when 
I went to open the blowoff cock the upper 
half came off in my hand, the lower half 
remaining in its seat imbedded in ice. 
I did not lose much time in replacing 
the top section of the valve and fast- 
ening it down with a beam until the steam 
pressure was reduced. 

From my own experience, I would cer- 
tainly recommend Mr. Parker to buy 
valves having a screw stem and some 
kind of a disk that can be renewed. It is 
a good idea to have two valves in service 
on each blowoff line. 

CHARLES FENWICK. 

Duck Lake, Sask., Can. 


Settings of Return Tubular 
Boilers 


In an editorial in the August 2 issue, 
under the above heading, the following 
statement was made: “A weak point in 
boiler practice is found in the boiler set- 
ting, particularly in small plants where 
return-tubular boilers are largely used.” 
This attracted my attention and I set to 
wondering if the author realized to what 
extent his words were true. How many 
return-tubular boiler installations would 
we find in a week’s travel that did not 
show external evidence of improperly 
built settings to say nothing of the fuel- 
wasting conditions which an internal in- 
spection of the furnaces and arches would 
be likely to reveal. ; 

The fact that the manner of setting a 
return-tubular boiler has much to do with 
its economy is so important that it should 
be every engineer’s duty to see that his 
boilers are correctly set and the settings 
kept in proper condition. 

The most common fault in “amateur” 
boiler setting is that of closing in the 
side walls to meet the boiler too far 
below the tube line and not leaving 
enough space between the sides of the 
boiler and the side wall. My practice has 
been to leave from 4 to 6 inches clear- 
ance whenever possible right up to the 
point of closing in; this point being at 
or a little above the tube line. Ample 
space around the shell affords an op- 
portunity for the heat to circulate and is 
necessary for the most economical op- 
eration. 

In a certain plant a boiler furnished 
steam to a Corliss engine, belted to a 
generator, which transmitted power to 
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two motors, each having the same load. 
The engine and generator were newly in- 
stalled but the boiler, though in good 
condition, was badly in need of resetting. 
Repeated attempts had been made to op- 
erate with full load but the boiler steadily 
refused to maintain the required pres- 
sure under forced firing and it became 
necessary to make temporary connections 
from one of the motors to the city lines. 
About this time a new engineer was em- 
ployed and when an opportunity came 
to reset and overhaul the boiler, part of 
the side walls were found to have fallen 
in and were leaning against the sides of 
the boiler, cutting off much valuable 
heating surface. After this and other 
repairs had been made the boiler handled 
the full load without difficulty. 

Another case of incompetent boiler set- 
ting cost a lumber company considerable 
delay and money. Two new tubular boil- 
ers of ample size were installed but 
failed to produce sufficient steam to 
handle the load, as a result part of the 
machinery had to be shut down several 
times a day to permit the fireman to catch 
up with the required steam. After sev- 
eral weeks of trouble and misdirected ex- 
periments, the space behind the bridge- 
wall, which had been made several inches 
deeper owing to excavation for the foun- 
dation, was found to be entirely open. 
When this was properly filled, sloped and 
paved, no further trouble was experienced. 

F. C. HOLLy. 

Yazoo City, Miss. 


Barometric Condensers 


I have read with considerable interest 
“Notes on Barometric Condensers,” by 
Warren H. Miller in the issue of August 
2. Mr. Miller takes a “shot” at power- 
plant design by engineers who have not 
operated power plants and all condensers 
except barometric. 

In regard to the design of power plants, 
my experience has led me to believe that 
the power house designed by one whose 
sole experience and education lies along 
operating lines is quite likely to be of a 
rather inefficient type, for the reason that 
the operating engineer, unless his experi- 
ence has been of a very diversified nature, 
will unconsciously put into the plant that 
which his personal experience has proved 
to him will operate day in and day out, 
and require the least attention. ‘The av- 
erage operating engineer prefers not that 
which will give the best dividends on the 
investment but that which costs him the 
least work, and while I am a great be- 
liever in paying a man for what he knows 
how to: do, I fail to see the necessity of 
wasting money in-order to permit the op- 
erating engineer more thoroughly to di- 
gest the morning paper or color his 
meerschaum. 

A man who devises a condenser that 
will suit all conditions will confer upon 
the engineering world a very great favor. 
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Mr. Miller apparently takes into con 
sideration no factors that enter into th. 
determination of the type of condense: 
to be used, such as water temperature 
and available supply of water. Jus: 
buy a barometric condenser, put an induc- 
tion motor on the pump and watch it run 
This sounds good. 


In the first place if the load is always 
constant and the temperature of the water 
varies but slightly, an induction motor- 
driven pump would be good, for then 


, the volume of water to be pumped would 


be constant at all times. If these ideal 
conditions do not exist, and they seldom 
do, we must either arrange to pump the 
maximum quantity of water required 
when it is at its hottest temperature for 
all loads and thus waste a great deal of 
power on light loads, or strike an aver- 
age and have, say, a low vacuum with 
heavy loads, a fair vacuum with medium 
loads and a good vacuum at light loads, 
or some other distribution. 


It is very apparent, then, that some 
kind of a drive for the pump must be 
installed that will permit the quantity of 
the water being varied without consuming 
full power irrespective of load. My ex- 
perience is that the best drive for a cen- 
trifugal pump, under the conditions de- 
scribed, is a correctly built steam turbine. 
A turbine is no more trouble to operate 
than an induction motor. The exhaust 
can be utilized to splendid advantage in 
a open feed-water heater, as it has no oil 
and if it is not needed to heat the feed 
water the turbine can be operated con- 
densing. Such an outfit will permit of 
sufficient change in speed to give the 
quantity of water required under most 
conditions. Some plants have such a 
wide range of load that a reciprocating 
pump would be better even if it had to 
be repacked quite frequently and an oil 
separator had to be used on the exhaust, 
if an open feed-water heater was used. 

Passing on, I am impressed with a 
mystery, it is as follows: Injection water 
temperature 70 degrees Fahrenheit, 300 
gallons per minute discharge, temperature 
of the mixture, 118 degrees, vacuum, 28% 
inches. I would like to inquire if this 
vacuum was measured with a mercury 
column, and if so what percentage of tin 
was in the mercury, or was it measured 
with a gage like that on one of the tur- 
bines at the St. Louis fair that registered 
34 inches of vacuum all the time? A 
condenser that will so thoroughly inter- 
mingle the exhaust and the cooling water 
as to bring the temperature to within 
5 degrees of the theoretical temperature 
of the vacuum, is doing splendidly. Most 
condenser builders today allow 10 per 
cent. for precondensation and figure to 
bring the mixture to within 10 degrees of 
the theoretical temperature of the vac- 
uum. Therefore, if Mr. Miller’s tem- 
perature of 118 degrees is correct, he 
probably had about 26 inches of vacuum. 
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corresponding to 126 degrees tempera- 
ture. 

Mr. Miller enumerates the units in the 
station as two 300-kilowatt cross-com- 
pound marine engines, one 100-kilowatt 
simple engine and one 70-horsepower 
compressor. He does not give the loads 
that any of these carry. For the purpose 
of determining what is being dene I 
think it is safe to assume that the heat in 
the exhaust is 1034 B.t.u. and to allow 
10 per cent. for precondcnsation. The 
quantity of water required to condense 
one pound of steam under the given con- 
dition is 
920 -- (118 — 70) = 930 — 48 = 19.4 
pounds. 

I presume that Mr. Miller did not se- 
cure a steam consumption better than 
15 pcunds per indicated horsepower; 
therefore, to determine the load we have, 


1§ X 19.4 __ 

8.3 X 60 300 
gallons per minute or, 

500 X 300 

= 530 

19.4 X 15 53 


horsepower. 

Therefore, Mr. Miller’s load of 1000 
horsepower on a 14-inch barometric con- 
denser, which with 70-degree injection 
water will normally take care of 20,000 
pounds of steam at a 26-inch vacuum 
without an air pump, I judge to be con- 
siderably under its real capacity. 

I think Mr. Miller might to ad- 
vantage use a mercury column, check his 
figures carefully, or try an air pump, 
which he finds so useless. It would cer- 
tainly appear that one of the best steps 
that Mr. Miller made was when he pre- 


pared the condenser for an air-pipe con-, 


nection. As a matter of fact, when the 
water is hot the noncondensable vapors 
cannot successfully be carried away with- 
out an air pump. On the other hand, 
with very cold water, for instance, at one 
very prominent power station in Indiana 
they secure 28 inches of vacuum without 
an air pump but the injection water was 
at a temperature of from 40 to 45 de- 
grees and the discharge water was from 
75 to 80 degrees. Unless the conditions 
are very unusual it is, of course, a use- 
less waste of money to consider a 
barometric condenser with a cooling tower 
on account of having to pump the water 
twice if for no other reason. 

As compared with the surface con- 
denser, if the cost of the 80 feet of 14- 
inch pipe, base, ells, erection, etc., were 
added to the cost of the barometric con- 
denser and allowance made for the short 
exhaust pipe to the surface condenser the 
comparison of figures, I dare say, would 
not entirely put the surface condenser out 
of the running. Incidentally, I could men- 
tion a number of cylinder heads and en- 
cine frames that have been broken on 
account of barometric condensers flood- 
ing the engines. 
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I believe there are places for each of 
the four types of condcnser now on the 
American market and that no hard and 
fast rule can be laid down as to what con- 
denser to use. Study the conditions and 
use the condenser best suited to meet 
the requirements. 

THomas B. WHITTED. 

Charlotte, N. C. 


Criticism of Piping Layout 

D. L. Temple asks for a criticism of 
the piping layout shown in the August 2 
issue and asks if it is a safe system. 

In my opinion it is perfectly safe. The 
advisability of locating the back-pressure 
valve at A would be governed by the con- 
ditions. If all the exhaust steam from the 
engine is used in the heating system then 
the location as shown in the sketch will 
do; but if the exhaust is utilized only part 
of the time for heating and the engine 
exhausts into the atmosphere during the 
remainder of the time, then the exhaust 
pipe should form as short and as straight 
a path as possible to the atmosphere. If 
the location shown fulfils these condi- 
tions, it is the proper place for the back- 
pressure valve. 

If the engine is shut down and live 
steam is used for heating, the 7-inch gate 
valve should be closed and the bleeder 
opened or a low-pressure trap installed 
to take care of the condensation. 

Mr. Temple evidently went to the wrong 
school because he says that he has been 
taught that the back-pressure valve bears 
the same relation to the engine that the 
safety valve does to the boiler. A cyl- 
inder-relief valve performs the same d:1ty 
as a safety valve, but a back-pressure 
valve is installed for the purpose of in- 
creasing the pressure to a desired point. 
A check valve at B is not necessary, the 
7-inch gate being sufficient. 

R. McLAREN. 

Berlin, Ont. 


Installing Globe Valves 


Considerable discussion has appeared 
in the columns of PoweR upon tte 
“Installation of Globe Valves.” The 
article by James G. Sheridan in the 
August 2 issue sounds good to read, but 
might be the means of deceiving some- 
one. Before discussing the proper way 
to install the valve, consider the de- 
sign of a globe valve. The stem has 
from four to six threads that are engaged 
in the bonnet, and it is held to the disk by 
a counterbored nut that has four or five 
threads. Also, the stem has a small col- 
lar which serves to keep it from coming 
through the nut; this collar is not as 
strong as two of the threads on the stem. 

As to placing the valve with the pres- 
sure above cr below the seat, it makes 
little difference with the stress on the 
stem or the threads. The only dif- 
ference is that, with the pressure under 
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the seat, there is a continual load on the 
threads of the stem when the valve fs 
closed; but the stem is designed to with- 
stand this, while the nut and collar are 
not. By installing the valve with the 
pressure above the seat, all the load is 
thrown upon the counterbored nut and 
the collar when the valve is being opened. 
The only advantage that I can see in hav- 
ing the pressure above the seat is that 
in case the disk comes off the pressure 
will have a tendency to close the valve. 
With the pressure under the seat the 
valve can be packed when it is closed; 
this cannot be done with the pressure 
on tcp of the seat. Agairi, the disk is 
not so apt to come off with the pressure 
under the seat for there is a tendency 
to hold it in place. If a globe valve re- 
ceives proper attention it will give little 
trouble. A stripped thread is caused not 
so much by the load on the disk as by 
the careless use of the monkey wrench. 
E. F. Tracy. 
Mechanicsville, N. Y. 


Pump Problem 


In the August 9 issue of Power there 
appeared an inquiry by W. E. Thompson 
regarding the necessary steam pressures 
in the high- and low-pressure cylin- 
ders of a 10x16x8x18-inch boiler-feed 
pump making 35 strokes per minute 
against a boiler pressure of 185 pounds. 

A rule which I have found to hold in 
practice is as follows: “Consider the total 
effective steam pressure (absolute ad- 
mission pressure minus absolute exhaust 
pressure) as acting upon the high-pres- 
sure piston to balance the load.on the 
water end; the low-pressure piston will 
give the speed.” Applying the rule to 
this particular case, 

10?x 
steam pressure 
from which the effective steam pressure 
will be found to equal 118 pounds per 
square inch. 

The inquiry does not state whether the 
pump is to run with free exhaust or con- 
densing, so Mr. Thompson will have to 
settle that part of the problem for him- 
self. 

CHARLES W. Lone. 

Wilkes-Barre, Penn. 


New Edition of ‘‘Kent’’ 


The communication of Donald S. Sam- 
mis, in the August 9 issue, compares the 
steam tables of Peabody and Marks & 
Davis with those in “Kent.” It may be 
of interest to state that in the new edi- 
tion of my “Mechanical Engineers’ 
Pocketbook,” which will be issued next 
month, the old steam tables have been 
replaced by new tables based upon those 
of Marks & Davis. 


WILLIAM KENT. 
Montclair, N. J. 
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On the breaking up of the joint meet- 
ing of the British Institution and Ameri- 
can Society of Mechanical Engineers at 
London many of the American visitors 
passed to Brussels, which is en féte for 
the exposition. Time did not permit 
the gathering of a complete description 
even of the power-plant features, but a 
quick review revealed several things of 
especial interest. 

This exposition is not held to celebrate 
anything in particular, but is one of a 
series held at Brussels commencing with 
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Belgian Exposition at Brussels 


By F. R. Low 


A wistt of short duration to the ex- 
position revealed several features 
of special interest, such as the 
Humphrey pump exhibit, pumps 
made of vitrified clay, engines of 
special design and semi-portable 
units. 


’ Fic. 1. LOOKING ACROSS THE NORTH END OF THE SUNKEN GARDENS 


that of 1885 at which R. E. Mathot, 
known to our readers as an occasional 
contributer and as the author of several 
works upon internal-combustion engines, 
was in charge of the Machinery Hall. 
There was another in 1897 and the 
present is the third of the international 
order. 

The main mechanical exhibit is located 
in the Machinery Hall, but Germany has 
preferred to keep her machinery as well 
as her other exhibits in her own section, 
and there are a number of water-purify- 
ing plants and other exhibits grouped 
about the neighborhood of the Machin- 
ery Hall. The latter building incloses 
the boiler room, which is set off from the 
main room by a glass partition, leaving 
the boilers and their operation open to 
view from the main hall without incon- 
venience from dust or heat. All within 
the boiler room proper is, however, 
spotlessly clean, and all who wish may 
enter. 

Steam is furnished by ten De Nayer 
(Babcock & Wilcox type) boilers, each 
of 500 horsepower capacity and each set 
separately instead of in pairs or bat- 
teries as is usual with us. Underfeed 


stokers are used on all and the first boiler 
is fitted with an elaborate coal-weighing 
apparatus. The gases discharge through 
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Green economizers into a reinforced cor.. 
crete stack having a hight above the 
ground level of 230 feet, an interna! 
diameter of 11.5 feet, and a weight of 
551 tons. It appears to be built of short 
sections with external flutes for the rein- 
forcement, and we hope to say more of 
it in a later article. The chimneys here 
are ornamented to a much greater ex- 
tent than is seen in the United States. 

The fuel used is coal which is landed 
from the cars onto the ground, carried 
by men with wheelbarrows to a grating 
and dumped into the hopper of a bucket 
conveyer. Anything which will go through 
the grating the elevator will handle all 
right. The returning side brings out 
the ashes. The pressure carried is about 
140 pounds. 


THE HUMPHREY PUMP 


One of the most attractive exhibits is 
a Humphrey pump in operation working ‘ 
against a head of a few feet simply 
for show purposes but capable of pump- 
ing 250,000 gallons per hour against a 
39-foot head. 

Pumps of this type can be made to 
handle a suction head of about 16 feet 
but it is necessary to modify the valve 
action so as to preserve the vacuum 
which would be impaired were the as- 
piration valve allowed to open as describ- 
ed later. Power readers will remember 
that this is an internal-combustion pump 
in which the gas is exploded directly 
against the water. (See description in 
Power of February 1, 1910, page 221). 
The head pumped against by direct ac- 
tion is limited by the mean effective 
pressure attainable to about the figures 
previously given, but may be increased 


Fic. 2. GENERAL VIEW IN MACHINERY HALL 
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to about 80 feet with an “intensifier,” 
which is an air chamber arranged to 
take advantage of the forward surge. 
The pump works upon the four-stroke 
cycle. The mixture of gas and air is ex- 
ploded in the top of a vertical cylinder 
above a column of water which it drives 
out. The momentum acquired by the 
column carries it along allowing the gas 
to expand away below the atmospheric 
pressure, whereupon the water intake 
valves open and water passes into the 
pump. There is also drawn in through 
the scavenging valve a charge of air 
which mixes with and dilutes the ex- 
panded products of combustion. As the 
water, carried by its momentum above 
the normal level or pressure, surges back, 
the scavenging valve closes and the ex- 
haust valve opens allowing the spent 
gases to escape. The rising column of 
water, however, shuts in a portion of the 
diluted products of the previous com- 
bustion, and compresses it until the 
momentum of the column is absorbed. 
The compressed gas sets the column into 
motion forward again, and into the vac- 
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the present case is 9 or 10. With a 
greater mass the pump makes a longer 
stroke less frequently; with a smaller 
mass, vice versa. The aspiration stroke 
will be shorter than the explosion and 
exhaust strokes, and the compression 
stroke shorter still. The valves, which 
all open inward, are pushed open by the 
pressure of the atmosphere when the 
pressure in the cylinder becomes less 
than atmospheric. The movement of one 
valve is made, however, to lock the two 
others by a simple system of levers which 
constitute the only moving parts of the 
pump. The fuel consumption per water 
horsepower-hour is about 30 cubic feet 
of town gas having a heat content of 
600 B.t.u., higher value. Especially in 
simplicity the pump offers great ad- 
vantages for handling large volumes of 
water, as for city supplies, but Siemens 
Schuckert at Spandau are putting in 
one of considerable size to pump water 
to be used in turbines for power pro- 
duction. 

Professor Humphrey does not claim to 
be the first to build a pump upon this 
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column has been absorbed entirely in 
useful offices while leaving the column 
perfectly free to vibrate between the re- 


Power 


Fic. 4. PROTECTING GAGE GLASS 


sistances of the head and of the working 
fluid. 

The absence of moving parts in con- 
tact with the fluid being pumped sug- 


% 
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uum which it leaves behind it rushes 
the charge of explosive mixture for the 
next stroke. Finally the backward surge 
compresses this charge and it is exploded 
at the commencement of a new cycle. 
The number of impulses per minute is 
governed by the mass in motion and in 
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HUMPHREY PuMP EXHIBIT AT BELCIAN EXPOSITION 


principle. There was a pump of the same 
type exhibited at the International Ex- 
position at Antwerp in 1885 by Bakeljar, 
but in previous attempts, check valves 
have been used which quickly beat them- 
selves to pieces. This is the first instance 
in which the kinetic energy of the water 


gests the adaptability of the type for 
pumping corrosive materials or chemicals 
which would be troublesome in a pis- 
ton pump and a number have been 
ordered by the Solvay Process Company 
at Syracuse, N. Y., perhaps for such pur- 
poses. 
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Pumps MADE OF VITRIFIED CLAY 
And this reminds me of a couple of 
centrifugal pumps and a piston pump 
made entirely of vitrified clay in one of 
the exhibits of the German section. The 
impellers are of clay also and the steel 
shaft which carries them is surrounded 
by a collar of the same material. The 
same company exhibits a worm for a 
still containing ten or a dozen coils some 
30 inches in diameter made of clay tub- 
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far: as superheating is concerned. He 
and others with whom I have talked upon 
the subject say that the absence of piping 
troubles from the use of superheat in 
Europe is due to the early recognition of 
the fact that superheating requires special 
attention to the piping. Weldless steel 
pipe is used, bent where possible to avoid 
the use of elbows and with branches 
welded in to avoid the use of tees. The 
joints are made with steel flanges grooved 


Pressure 
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Fic. 5. SINGLE-ACTING TANDEM COMPOUND 


ing of perhaps 2 inches inside dimen- 
sion, bent without a joint just as a 
copper pipe would be; plug valves or 
spigots, etc. They have promised to fur- 
nish photographs and further informa- 
tion. 


AN ENGINE WITH ONE-HALF PER CENT. 
CLEARANCE 


One of the most interesting things in 
the steam-engine line is that exhibited 
by Ernest Mennig, successor to Wal- 
schaerts, of valve-gear fame. The ex- 
hibit consists of an engine some 18 
inches in diameter with the metal cut 
away on the head end so as to expose 
the cylinder and giving a section through 
the head-end valves. The engine is 
running with steam of 140 pounds ad- 
mitted to the crank end only, yet so tight 
is the piston that no steam escapes at 
the open end. All of the surfaces in 
the clearance are highly polished to re- 
duce heat transfer. The clearance in 
this particular engine is 0.75 of 1 per 
cent., but upon larger cylinders it is re- 
duced to % of 1 per cent. Longitudinal 
motion is given to the cam rods working 
the valves from a lay shaft lying parallel 
to that movement through eccentrics with 
universal joints in the rods. They pro- 
duce an indicated horsepower with 11 
pounds of dry saturated steam per hour 
equaling the usual performance with 
superheat; but if it is desired to use 
superheat, they can do _ considerably 
better. 

SUPERHEAT 


Mons. Mennig is not an enthusiast so 


next to the pipe which is expanded in. 
Cast steel is used for valves. 

Upon an English machine I noticed a 
water gage surrounded by plate glass at 
least a half inch in thickness arranged 
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exhibited by Van Den Kerchove, o! 
Ghent, and shown in section in Fig. ©. 
The motive is to produce an engine less 
expensive than the ordinary compound 
without sacrifice of efficiency. The method 
by which it is ordinarily sought to do this 
is to simplify the valve gear and reduce 
the clearance of the simple engine, but 
this introduces trouble from excessive 
compression, and if considerable expan- 
sion is used the aggregate initial pres- 
sure upon the necessarily large piston is 
such as to require a heavy connecting 
rod, bearings, etc. 

The method adopted by Van Den Ker- 
chove is made apparent by the section. 
The steam passes from the high-pressure 
to the low-pressure cylinder through the 
pipe A, delivering at B into the jacket of 
the low-pressure cylinder which is in 
communication with the low-pressure 
steam chest. At C a branch from the 
high-pressure exhaust connects with the 
front or idle end of the high-pressure 
cylinder which thus serves as a receiver. 


. The idle end of the low-pressure cylinder 


is connected by the pipe E with the con- 
denser, although the low-pressure steam 
passes out through the pipe F. This 
makes an internal stuffing box necessary 
between the receiver and the vacuum 
chamber. I did not learn what precau- 
tion is taken to prevent heat transfer 
through the wall. For the same power a 
somewhat large cylinder is required than 
with the ordinary compound, but there 
are only two cylinder heads, four valves 
and a single cutoff. It is the number of 


Fic. 6. LANZ SEMI-PORTABLE ENGINE, RATED AT 1000 HoRSEPOWER 


as in Fig. 4 to shield the operator in case 
of breakage of the gage glass G. The 
plate glass is indicated by P. 


A SINGLE-ACTING TANDEM COMPOUND 


Another novelty in the steam-engine 
line is the single-acting tandem compound 


pieces, the designer argues, and not their 
precise size which governs the complexity 
and price. There are but two stuffing 
boxes, and no chance for air leakage into 
the low-pressure cylinder. They claim to 
get the same low consumption with this 
as with their regular compound with either 
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saturated or superheated steam. The 125- 
horsepower size runs at 140 revolutions 
per minute. The valve motion is ex- 
tremely simple, using double-ported pis- 
ton valves operated by eccentrics on a 
lay shaft working through a system of 
linkage which by taking advantage of 
centers allows the valve to dwell and to 
move quickly when motion is required 
with no disconnection. 


THE SEMI-PORTABLE “ 


Much has been said lately about the 
semi-portables which are used so much 
here and with which such surprising effi- 
ciencies are obtained. In America the 
only engines mounted upon boilers which 
we use for stationary purposes are 
rough-and-ready machines, put in to meet 
a temporary demand. Here one finds 
them finished like a telescope, jacketed 
with sheet iron or with iron panels, fitted 
with condenser, feed-water heater and 
air pump, and yet a crane hooked to the 
boiler would lift practically the whole 
outfit, Not only those for the exhibi- 
tion but those for ordinary use are 
beautifully finished and one finds them 
installed in rooms with tiled floors and 
walls and every evidence of the inten- 
tion of being put there to stay. 

Why then the element of portability ? 
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It is not so much a matter of port- 
ability as of concentration. The setting 
of the engine upon or even into the 
boiler avoids piping and pipe losses. The 
water is heated by the outgoing gases 
and the pumps run from the shaft of the 
engine itself. The cylinders are jacketed 
by the boiler itself and the steam is 
superheated before it gets into them. 
There are all of the elements of high 
efficiency grouped together in a most sim- 
ple and effective way, and the whole 
installation takes so little space. When 
will some American manufacturer take 
up the line ? 

There are a number of these about the 
exposition, but two in the German sec- 
tion are deserving of particular notice. 
One is the largest of the type which has 
ever been made, a 1000-horsepower unit 
by Heinrich Lanz, of Mannheim, of which 
a view is shown in Fig. 6. It was so 
clean that we thought that the steam was 
being furnished to it from boilers out- 
side and that the coal in the hoppers, for 
it has mechanical furnaces, was part 
of the scenery. The overall dimensions, 
guessed at, are 25x27 feet in plan and 16 
feet in hight above the floor. 


Another semi-portable in the same room 
is interesting as having the central ex- 
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haust recently proposed by Professor 
Stumpf and described in our issue of 
June 21, page 1117. 

The piston is as long as the stroke and 
uncovers, just before the stroke is com- 
pleted, a central exhaust port as does 
that of a two-stroke cycle gas engine. 
It is still another method of simplification 
and works out nicely with a good vac- 
uum, but since the contents of nearly 
the entire cylinder have to be compressed 
into the clearance on the return stroke 
the compression will be excessive if the 
engine is not exhausting into a good 
vacuum. 


Cockerill, of Leraing, has on exhibition 
and running his first blowing engine 
built in 1853. It has a long vertical 
cylinder working with poppet valves op- 
erated by vertical rods like the side- 
wheel marine engine used in Eastern 
waters, but operated by cams on a re- 
volving lay shaft instead of the recipro- 
cating tappets. 


On August 14, soon after this article 
was written, practically the entire ex- 
position was destroyed by fire. The con- 
flagration is reported to have started in 
the Telegraph building, and the flames, 
driven by a high wind, spread rapidly in 
all directions. 


An Emergency Stop Valve 


A certain power plant, located in Vir- 
ginia, has a novel arrangement of the 
supply pipe furnishing the condensing wa- 
ter to a jet condenser. In this instance the 
cendensing water flowed to the condenser 
by gravity, but this flow was considerably 
increased, due to the action of the centri- 
fugal discharge pump. Experience had 
shown that when the discharge pump 
stopped for any reason, such as the flying 
off of the engine- governor belt, etc., the 
condenser became flooded. 

In order to overcome this trouble a 
Ludlow back-pressure valve was placed in 
the 20-inch condenser supply pipe to act 
in conjunction with a safety device ar- 
ranged on the condenser proper. The il- 
lustration shows the position of this 
valve, also the lever attached to the valve 
stem for operating the valve disk. The 
supply pipe ran along under the grating 
placed around the turbine unit. A lever 
A was attached to an iron beam, and 
hinged as shown. A strong cord was at- 
tached to the outer end of the rod and 
ran over a pulley, secured to the turbine 
Platform, to a convenient point where the 
engineer could pull it in case of emerg- 
ency. A second cord extended to within 
reach of the engine-room floor in close 
proximity to the discharge pump. 

The valve lever was so designed that. it 
swung close to the iron beam when the 
valve was in an open position, and was 


held in place by means of a pin B, se- 
cured to the lever C. Thus the valve- 
stem lever cannot drop until the pin is 


Grating 


lever and pin C. The weight of the 
valve disk will cause it to drop, and the 
water will then hold it to its seat. By 
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SECTIONAL VIEW OF STOP VALVE, ALSO LEVER ARRANGEMENT 


moved sufficiently to allow it to pass over 
the end of the lever. 

If the centrifugal pump should fail, the 
engineer, by pulling the cord, can lift the 


this arrangement and quick work on the 
part of the engineer the supply of con- 
densing water can be quickly and effectu- 
ally cut off from the condenser. 
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Prony Brake 
When a prony brake has an arm of 6 
feet in length, the engine runs at 200 
revolutions per minute and the brake is 
balanced by a weight of 14 pounds, what 
is the horsepower of the engine? 
The power absorbed by a prony brake 
is found by multiplying together the num- 
bers denoting the circumference of a 
circle whose diameter is twice the length 
of the lever, the number of revolutions 
made by the engine, and the pressure 
exerted at the end of the lever, and 
dividing this product by 33,000. In this 
case the power developed by the engine 
would be 
37:7 X 200 X 14 
33,000 


Area of Safety Valve 


A boiler generates 14,000 pounds of 
steam per hour at 85 pounds gage pres- 
sure. What should be the area of the 
safety valve? 


The Massachusetts formula for safety- 
valve areas is 


__W X 70 
II 


in which 

A = Area of safety in square inches 
per square foot of grate sur- 
face, 

W = Pounds of water evaporated per 
second per square foot of 
grate surface, 

P= Absolute pressure 
steam is generated. 

If the total grate area be represented 
by g and the total valve area by a, then 


at which 


X70 

gx P X at 
whence by cancelation 

o= 70 4 I 


As 14,000 pounds of steam per hour is 
at the rate of 3.89 pounds per second, if 
numerical values are substituted in the 
equation, it will read 
3.89 X 70 
X 11 = 29.95 
or 30 square inches as the valve area re- 
quired. This would be supplied by two 
valves of 414 inches diameter. 


Crown Bars 

What are the crown bars and crown- 
sheet stays, and what duties do they per- 
form? 

J. D. B. 

Crown bars are bars or girders extend- 
ing across the firebox and having feet 
at the ends which rest upon the side 
sheets. A common form of crown bar is 
a two-piece bar bolted together so that 
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the crown bolts can pass between, with 
the heads on the firebox side and having 
nuts and washers on the top of the bars. 
Crown-sheet stays perform the same duty 
as the crown bars but differ in that 
crown-sheet stays, when of the radial 
stay type, consist of long bolts like stay- 
bolts, passing through the outer sheet of 
the boiler and the crown sheet, riveted 
over at both ends. Another form of 
crown-sheet stay consists of “T” bars 
riveted to the crown sheet and connected to 
the outside sheet by means of sling stays. 


Boiler Efficiency 
In the report of a boiler test it was 
stated 11,500 heat units evaporated nine 
pounds of water from and at 212 degrees, 
giving an efficiency of 75% per cent. 
How is the efficiency of a boiler found ? 
Since it requires 970.4 heat units to 
evaporate one pound of water at 212 de- 
grees into steam of the same tempera- 
ture it will require 
9 x 970.4 = 8733.6 
heat units to evaporate nine pounds. As 
11,500 heat units were used in the case 
mentioned the per cent. of heat realized 
is found by dividing 8733.6 by 11,500 and 
multiplying by 100, which gives 76 as the 
efficiency. 


Valve Events 


Please explain where. admission, cut- 
off, release and compression take place, 
and what is the meaning of these terms ? 

B. C. A. 

Admission is when the valve admits 
steam, or opens the port; cutoff takes 
place when the valve cuts off the admis- 
sion of steam; release, when the exhaust 
port opens, and compression when the 
exhaust port closes, retaining what steam 
is left in the cylinder, where it is com- 
pressed by the action of the piston. The 
particular points at which these different 
events take place are governed by the 
lap of the valve and the manner in which 
the valve is set. The points at which 
admission, release and compression take 
place are usually given in terms of the 
piston travel or fraction of the stroke. 


Horsepower Developed by Engine 


In stationary practice, will an engine 
driving a dynamo develop more horse- 
power through the dynamo than the 
horsepower of the engine? That is, will 
the electric current have a greater horse- 
power than the engine? 


A. D. H. 
An engine driving a dynamo cannot de- 
velop more horsepower through the 


dynamo than the engine itself develops: 
that is, the horsepower developed by the 
dynamo will not be any greater than the 
original “~rsepower developed by the en- 
gine; in fac., the dynamo will not de- 
liver quite as much power as is developed 
by the engine, owing to the loss by fric- 
tion in the engine and the heat losses in 
the dynamo. 


Raising Boiler Pressure to 
Carry Load 


If an engine with 45 pounds steam 
pressure and 26 inches of vacuum cuts 
off at quarter stroke, how much would 
the boiler pressure have to be raised to 
have the engine carry the same load with 
two pounds back pressure and still cut 
off at quarter stroke ? 

; F. A. W. 

The mean pressure of expanding steam 
at one-quarter cutoff is practically 0.6 of 
the initial pressure 

0.6 x 60 = 36 

36— 2= 34, 
which is the mean effective pressure 
in the cylinder with 45 pounds gage 
pressure, 26 inches vacuum and one- 
quarter cutoff. To do the same work 
against two pounds gage back pressure 
and cut off at quarter stroke would re- 
quire a mean effective’ pressure of 


34+ 17 = 51 
pounds absolute; 
51 = 0.6 « 85 


the absolute pressure necessary for a 
mean effective pressure of 34 pounds 
at one-quarter cutoff and two pounds 
gage back pressure. The boiler pressure 
required is 

85 — 15 = 70. 


Change of Connecting Rods 


In case the connecting rod on the low- 
pressure side of a cross-compound en- 
gine should break, could the rod from 
the high-pressure side be used in the 
place of it? 


T. C. 
As both sides of standard cross-com- 
pound engines are designed for equal 
loads the pins and rods are of the same 
dimensions and are interchangeable. © 
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Editorial 


Boiler Inspection 


Articles on boiler inspection appear 
from time to time in technical journals, 
and nearly all of them deplore the lack 
of intelligent supervision of steam boil- 
ers, and all advocate the passage of 
stringent laws by the municipality or the 
State. While admitting the need of proper 
laws relating to boiler supervision, we 
doubt that very much improvement in the 
operation of steam boilers would result 
from the passage of such laws if they 
are to be like most of those now on the 
statute books, and administered in the 
same manner. Most of our present laws 
(always excepting those of Massachu- 
setts) are of little value because they 
do not recognize the two essentials that 
the boiler inspector should be under civil- 
service rules and that the steam user 
should be fined when an accident hap- 
pens. Of course, no one would advocate 
fining a steam user if an impartial in- 
vestigation showed that he was absolutely 
without blame, but he should at least pay 
the cost of the investigation, and we be- 
lieve that such procedure would greatly 
decrease the number of “unavoidable” ac- 
cidents. If you cannot determine mathe- 
matically just how this can be, turn to 
your textbook on human nature. 

As it is now, a city or State boiler in- 
spector’s job is a political one, and is 
filled without that regard for his fitness 
for the office which characterizes the fill- 
ing of responsible positions in the com- 
mercial world. The work, at the best, is 
hot, dirty and disagreeable, and the 
natural attitude of a hundred-dollar-a- 
month man is to shirk such work; when 
there is added to this natural attitude the 
fact that no matter how well he does his 
work he is likely to lose his position with 
a change of administration, and that no 
matter how poorly he inspects he will 
not lose his job until his party is turned 
out, one has a combination productive 
of a mental attitude that may be best 
characterized by the expression: “What’s 
the use ?” 

The conditions cited account for the 
fact that the municipal and _ State 
boiler inspectors are usually below the 
standard of insurance inspectors and sel- 
dom enjoy the confidence of the steam 
users. Moreover, few capable boiler in- 
spectors are appointed to the position of 
boiler inspector, because there are few 
men with adequate training and those few 
have good permanent jobs which they 


are unwilling to change for precarious 
political berths. Appointing a man to 
the position of boiler inspector does not 
make him one. It takes considerable 
experience in actually inspecting boilers 
to make a boiler inspector, and there is 
no greater fallacy than the current be- 
lief that a good boilermaker must, of ne- 
cessity, be a good boiler inspector. Asa 
general thing, the training of a boiler- 
maker is inferior to that of an operating 
engineer for the making of a good boiler 
inspector. 

The moral responsibility of the steam 
user is well recognized in England. In 
talking with an Englishman recently con- 
cerning a recent boiler explosion in this 
country which killed seven men, he asked 
what was done to the owner of the plant. 
Upon being told that the owner was not 
molested or criticized in any way, he 
said: “Do you mean to tell me that a 
man in this country may blow up a 
boiler and kill seven people, and no con- 
sequences whatever be visited upon him 
for that act?” That this is a privilege 
of every American citizen had to be ad- 
mitted. The Englishman’s surprise was 
natural. In his country they hold the 
steam users accountable for all steam- 
plant accidents that occur. For example, 
in the south of England some time ago 
the head of a thermal storage tank let go 
in the flange, killing two men and doing 
considerable property damage. The crack 
resulted from a strain in the metal of 
the flange caused by a hydraulic riveter 
which was used as a press to force the 
head flange and the shell plates together, 
which, of course, was done cold. The 
commission of the British Board of Trade 
which sat in the case assessed a fine of 
two thousand dollars against the company 
that built the drum; the manager of that 
company was fined two hundred and fifty 
dollars for letting the work go out of the 
shop; the chief engineer of the power 
plant was fined two hundred and fifty 
dollars, presumably for letting the tank 
come into the plant, and the resident en- 
gineer of the power plant was fined one 
hundred and fifty dollars for not cutting 
out the tank when leakage at the knuckle 
of the flange was first noticed. 

We know of no better way to bring a 
man to a sense of his moral responsibility 
to the community than to touch his 
pocketbook. We know of no better way 
to reward a man for efficient work than 
to assure him that he may retain his posi- 
tion without fear or favor as long as 
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that efficiency remains unimpaired... The 
logical deduction, therefore, is that in 
order to be efficacious any legislation en- 
acted with the object of protecting the 
public against power-plant accidents 
should embody the two primary features 
of fines for the executives and owners 
and civil-service classification of the in- 
spectors. 


Verdict on Canton Explosion 


The verdict of Coroner March, of Can- 
ton, O., which has just been made pub- 
lic, places the blame for the boiler ex- 
plosion at the American Sheet and Tin 
Plate Company’s plant, which occurred 
on May 17 and in which thirteen men 
were killed and many hurt, upon William 
Austin, the dead fireman, whose body was 
blown a distance of several hundred feet 
through a house, as reported in our issue 
of May 31. 

In effect the coroner finds that Austin 
connected boiler No. 2, the one that ex- 
ploded, with the rest of the boilers when 
the pressure in it was too low with refer- 
ence to the other boilers on the line, thus 
causing water hammer, or sudden shock. 

In making public his opinion the 
coroner says in part: “Two possible 
conditions could have caused the explo- 
sion. The first a condition of low water 
with a red-hot boiler above the water 
line and the sudden turning into the 
boiler of a large supply of comparatively 
cold water. 

“The second is a condition known to 
boiler men as a water hammer, which is 
caused when a boiler carrying low pres- 
sure is too rapidly connected with or 
‘cut into’ a battery of boilers of com- 
paratively high pressure. 

“Weighing the two causes as carefully 
as one without technical education might 
be expected to do, I have come to the 
conclusion that the explosion was due to 
water hammer, boiler No. 2 being cut 
into the battery of boilers by William 
Austin, whose body was thrown several 
hundred feet through the air, driving 
through a house and crushing through a 
picket fence beyond the house. 

“T can think of no other cause for Mr. 
Austin’s body having been thrown as it 
was with such force except that he was 
on top of the boiler when it let go, the 
exact position he would have been in if 
engaged in cutting in the boiler. Had he 
been turning water into a superheated 
boiler he would not have been thrown as 
he was, but would have been crushed to 
the ground, as in manipulating the feed 
valve he would have been standing in 
front and at the side of the boiler in an 
unfavorable position for being thrown 
such a distance.” 

The corner’s investigations have es- 
tablished the fact that the stop valve 
was found two-thirds open, indicating 
that the boiler had been partially con- 
nected to the others when the explosion 
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occurred. The valve had been damaged so 
that it could not be moved either way, re- 
maining a mute witness to the cause of 
the accident. In reaching his conclusion 
the coroner has totally disregarded the 
testimony of Louis C. Hughes, who was 
injured in the accident, but whose life 
was saved by his temporary absence from 
the boiler room. He has also disregarded 
Hughes’ suggestion that the accident 
might have been due to explosives placed 
in the coal by enemies of the company 
or by enemies of the employees of the 
mill. All evidence indicated that the force 
came from within the boiler and not 
from the firebox, as would have been 
the case had explosives been placed in 
the coal. 

The coroner, since the explosion, has 
been in receipt of many letters from 
boiier men tending to corroborate the 
opinion that water hammer was the cause 
of the accident and citing the fact that 
sheared rivets, with plates intact as in 
this case, could be taken as a sign of a 
sound boiler. In making public the de- 
cision he acknowledges the assistance 
rendered him by the representative of 
PowER AND THE ENGINEER, who was on 
the ground immediately after the explo- 
sion, and by Edward Whelan, the local 
boilermaker, who testified at the inquest. 


Acting on Good Advice 


It is common practice for firms put- 
ting goods on the market to urge quality 
and make price of secondary considera- 
tion. This is really as it should be, as an 
article of first-class quality will demon- 
strate its value, thereby justifying the 
slight additional cost over the purchase 
price of an inferior product. Manufac- 
turing establishments have built up 
on this principle a large volume of busi- 
ness, and the customers have been per- 
fectly satisfied. When it comes to the 
internal arrangements of the manufac- 
turing establishment, however, this policy 
is not alwavs adhered to, the firm often 
scheming along with the cheapest of sup- 
plies and equipment, living as it were 
from hand to mouth behind the scenes 
while making a first-class showing in 
the open market. 

Nobody feels this sooner than the chief 
engineer of the establishment. He is 
continually planning makeshifts in the 
effort to keep the machinery in motion 
and turn out the manufactured product 
with the least temporary expense, know- 
ing that the policy of the company will 
not allow him to make those permanent 
improvements which in the end would 
lower the cost of production and put the 
plant on a better and higher mechanical 
plane. Even in the class of operatives 
such companies sometimes make the mis- 
take of contenting themselves with low- 
grade men in important positions. 

Not long ago the superintendent of 
such a plant approached a steam expert 
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on the question of power-plant economy 
His power was costing too much. There 
was an enormous waste in this depart- 
ment which it was impossible to detect. 
Results for the amount of expenditure 
were entirely out of all proportion anc 
he invited the expert to look over his 
plant and report. 

The result was a recommendation that 
he hire a high-class, high-priced op- 
erating engineer to take charge of the 
plant, giving him absolute authority in 
the plant. It .was: recommended that. a. 
salary of from $2500 to $5000 a year 
be paid to this man, and the belief was 
expressed that results would justify the 
expenditure. 

Wonderful to relate, the advice in this 
case was followed; a $2500-a-year man 
was secured and set to work in the pow- 
er plant. This man studied the case in 
all its phases, surrounding each particu- 
lar power-generating equipment with the 
conditions most favorable to its efficient 
operation in the same manner that a 
physician would study the case of a pa- 
tient whom he had removed from the 
slums and placed in a first-class hospital 
where every facility for combating dis- 
ease was afforded. The flue gases were 
analyzed, the air leaks were stopped, the 
pipes were covered, the grate surface 
was reduced, the rate of combustion was 
increased and the ratio of grate to heat- 
ing surface was readjusted. The drips 
were caught and utilized, the feed-water 
problem was attacked, the lubrication 
question was carefully considered, the 
personne! of the plant was studied care- 
fully and everything bearing on the situ- 
ation had the attention which its im- 
portance deserved. Two or three months 
passed by and the high-priced man had 
already saved his year’s salary. As fur- 
ther improvements were instituted, the 
economies became more apparent and 
the firm voluntarily raised the salary of 
their engineer, knowing from past exper- 
ience that his services were of sufficient 
value to justify the action. This was a 
case where competent advice was fol- 
lowed. In how many other cases is ad- 
vice which should be followed ignored, 
simply through the reluctance of manu- 
facturers to spend a few extra dollars 
to insure that their power plant and me- 
chanical equipment will be placed on a 
dividend-paying basis? In many cases 
the power department is situated so that 
it can make or break a company, this 
being one of the largest items of expense 
of the organization. It would, therefore, 
appear that the very best advice should 
be obtained in the operation of this de- 
partment and a man of high ability en- 
gaged to see that the operating details 
are carried out in proper manner. 


— 


Ottawa has a peat bog at her doors, 
estimated to contain over 5,000,000 tons 
of fuel, and three others within about 40 
miles, aggregating over 20,000,000 tons. 
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New Power House 


De Laval Centrifugal Pump 
Construction 


The accompanying illustrations show 
that the De Laval pump has a relatively 
small diameter of the impeller, which im- 
plies high rotative speed, and is there- 
fore well adapted to be operated by 
steam turbines or electric motors. 

The material used for the impeller is 


What the inventor and the 
manufacturer are doing to 
save time and money in the 
engine room and power 
house. Engine room news. 
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Fic. 1. SECTIONAL VIEW OF SINGLE-STAGE DOUBLE-SUCTION CENTRIFUGAL PUMP 


Government bronze, consisting of 88 per 
cent. copper, 10 per cent. tin and 2 per 
cent. zinc. 

The casings of the pumps, both single- 
Stage and multistage, Figs. 2 and 6, are 
formed of two parts only; that is, they 
are split horizontally on the center line 
of the shaft and both the suction and dis- 
charge openings are in the lower half, or 
pump case. The top half, or pump-case 
cover, can be lifted off, after which the 
impeller and all passages are accessible, 
and the shaft and attached parts. can be 
removed without disturbing the piping or 
connections or any other part of the ma- 
chine. As the pump case and the cover 
are each solid castings, there is but one 
joint in the casing of the pump, a plain, 
flat surface, scraped to a fit and main- 
tained tight by an oiled-paper gasket. 
Fig. 1 shows a single-stage double-suc- 
tion centrifugal pump. 

Cast iron is used for the casings of al! 
De Laval pumps intended to handle non- 
Corrosive liquids or fresh water. If cor- 
Tos:ve or abrasive liquids are to be 
handled, other metals are used, such as 
acid-resisting bronze, nickel alloys or 
Steel. The fitted surfaces of the cases are 


machined and the two parts are pro- 
vided with taper dowels to insure cor- 
rect assembling, even by unskilled labor. 
Portions of the casing subject to wear 
are machined to gage and fitted with re- 
movable wearing pieces, which, in effect, 
render the casing practically indestructi- 
ble and make it possible to retain high 
efficiency indefinitely. One of the most 
important of these wearing parts is the 
pump-case protecting ring, in which is 
formed the labyrinth packing, prevent- 
ing leakage from the discharge back to 
the suction. This joint is made by the 
combination of a removable ring attached 
to the pump casing and another remov- 
able ring attached to. the revolving 
impeller, Figs. 3 and 4. Each ring 
is made to standard gage and can 
be replaced without fitting. The in- 
termeshing grooves form a_ labyrinth 
through which any leakage from the dis- 
charge to the suction side of the impeller 
must find its way. Due to the use of 
these rings De Laval pumps can be built 
to successfully pump 500 feet or more 
per stage without suffering appreciably 
from slip. This type of packing, further- 
more, permits of larger clearance, both 
axially and radially, without excessive 
leakage. The path of the water through 
the rings is tortuous, and the loss of head 


at each turn destroys head and prevents’ 


rapid flow. The water in the labyrinth is 
also set in rotation, creating a counter 
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Fic. 2. De LAVAL SINGLE-STAGE MOTOR-DRIVEN PUMP 
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centrifugal force opposing the leakage. 
The rings are made of bronze. 

Leakage of water out of the pump or 
of air into the pump along the shaft is 
prevented by packed glands containing 


Fic. 3. LONGITUDINAL SECTION 


soft packing under pressure, with a hol- 
low skeleton ring in the middle of the 
packing, to which water under pressure is 
admitted, forming an air-tight seal, Figs. 
5 and 7. The glands are of bronze and 
are split horizontally to allow their 
removal without disturbing other paris 
of the machine. The split gland, when 
. removed, leaves ample room for the re- 
newal of packing. By means of take-up 
studs the follower can be drawn up tight- 
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The shaft at this point is protected by 
a special bronze sleeve which extends in- 
ward to the impeller. Besides protecting 
the shaft from corrosion by the wate, 
this bronze sleeve forms a bearing sur- 
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bearing bracket. This provides a quick 
and simple method of renewing the bear- 
ings, and also insures interchangeability, 
The vertically split type of bearing i; 
easily removed, as it is only necessary to 


Fic. 5. SINGLE-STAGE DOUBLE-SUCTION IMPELLER AND SHAFT 


face for the packing. Thus, should any 
scoring take place, it is received by: the 
sleeve, which can be replaced. 

The shafts are made from special ham- 
mer-forged steel, and are protected from 
centact with the liquid handled by the 
pump, and wear in the stuffing boxes, by 
bronze sleeves. 

The bearings are of the vertically split, 
babbitt-lined, ring-oiled type. They are 
formed in separate shells resting in the 
brackets or pedestals. The latter are 
separate and distinct from the pump cas- 
ing and stuffing boxes, and there is no 
possibility of water leaking past the 
stuffing boxes and finding its way into the 
bearings and oil reservoirs. 


revolve the bearing about the shaft until 
each half is on top and free. 

All bearings are supplied with special 
bronze oil rings of sufficient number and 
proper size to insure excellent lubrication. 
These rings dip in oil reservoirs, located 
in the brackets and large enough to in- 
sure freedom from agitation and to allow 
impurities in the oil to settle to the bot- 
tom. The reservoirs are equipped with 
suitable gage glasses and filling and 
drainage cocks. To prevent the creeping 
of oil along the shaft, from the bearings, 
the shaft is provided with grooves, com- 
monly known as “oil slingers.” 

The preceding description of the single- 
stage type of pump applies in a large de- 


Fic. 4. IMPELLER 


ly against the packing when the pump is 
running. These studs are hinged, so 
that, by slightly slacking the nuts, the 
studs can be thrown out of the way for 
the removal of the gland. Large drip 
boxes, piped to a common drain, take 
care of leakage. 


Fic. 6. MULTISTAGE CENTRIFUGAL PUMP 


The separate pedestal also permits of 
the removal of the bearings for inspection 
without disturbing the stuffing boxes, 
pump-case cover or other parts of the 
pump. The babbitted bearing shells are 
machined .and ground on dead-center 
grinders and form a neat fit with the 


gree to the multistage pump. A multi- 
stage pump is in reality formed of sev- 
eral single-stage pumps arranged in se- 
ries, the discharge from one stage being 
led into the inlet of the next impeller. 
Thus, the pressures developed in the sev- 
¢ral stages are added together and the 
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Fic. 7. SHOWING IMPELLER, SHAFT, FLANGE OF FLEXIBLE COUPLING AND 
THRUST BEARINGS 


total head developed is equal to the sum 
of the heads generated by the individua! 
stages. 


The impeller of the multistage pump 
is of the inclosed type, and may be re- 
garded as halves of double-suction im- 
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chamber on the back of the impeller, 
having the same cross-sectional area as 
the suction chamber, being inclosed by 
labyrinth rings of the same diameter as 
those encircling the suction opening. The 
impeller is pierced by a number of holes 
connecting the balancing chamber with 
the suction chamber, so that the static 
pressure in the suction chamber shall be 
transmitted to the balancing chamber, 
also that an extra pressure shall be gen- 
erated in the balancing chamber approx- 
imately equal to the reaction of the axial 
column of water entering the suction of 
the impeller. 

To provide for possible unbalanced end 
thrust, the multistage pump is provided 
with babbitt-lined, ring-oiled thrust bear- 


The casing is made of two castings pellers. Water enters the double-suction 
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Fic. 8. SECTIONAL VIEW OF DE LAVAL MULTISTAGE CENTRIFUGAL PUMP 


only, the passages from the delivery 
chamber of one impeller to the suction of 
the next being formed permanently in the 
solid casting. 
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impeller axially from the two sides and 
the two currents of water join after hav- 
ing been turned into a radial direction; 
that is, two single-suction impellers, as 
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Fic. 11. LARGE TURBINE-DRIVEN GENERAL= 
SERVICE PUMP 


shown in Fig. 8, put together back to 
back and the dividing wall between the 
impellers thinned out to nothing toward 
the periphery, would become a double- 
suction impeller as used in the single- 
stage pump. 

A double-suction impeller in a multi- 
stage pump is not advisable, as it would 
involve complicated passages. It is pos- 
sible, moreover, to balance a single-suc- 
tion impeller by duplicating the conditions 
of pressure on both sides of the web of 
the impeller, by providing a balancing 


ings of the marine type forming the sup- 
porting bearing. 

As compared with the single-stage 
pump, the multistage pump contains an 
additional water joint where the rotating 
shaft passes through the diaphragms sep- 
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Fic. 13. TURBINE-DRIVEN BOILER-FEED 
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arating the several stages. This joint is 
formed between a_ protecting. bronze 
sleeve keyed to the revolving shaft and a 
similar sleeve held by the diaphragm. It 
is long, with small clearance, but there is 
no rubbing contact and wear does not 
occur. 

The general design and details of con- 
struction of De Laval vertical pumps are 
similar to those of the horizontal type. 
The pump case is split vertically in a 
plane passing through the center of the 
shaft, and the suction and discharge open- 
ings are in the main pump-case casting, 
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Fic. 14. CiRCULATING PUMP FOR BARO- 
METRIC CONDENSER 


thus allowing for the inspection and re- 
placing of any of the working parts by 
removing the pump-case cover. In some 
cases the vertical type of machine 
is furnished with a single suction im- 
peller where the conditions are more suit- 
able for this type. A lower guide 
bearing is used in order to avoid 
the use of an overhung’ impeller 
which is liable to produce trouble by its 
tendency to vibrate and destroy the upper 
bearing. Both bearings are so arranged 
that they can be inspected while the pump 
is in operation, and can be removed 
without disturbing any part of the pump 
other than the bearing cap. In con- 
nection with the upper bearing, there is a 
thrust bearing to carry the weight of the 
running parts of the pump. 

The diagrams, Figs. 9 to 14 inclusive, 
show characteristic curves of De Laval 
centrifugal pumps of several sizes de- 
signed for different classes of service. 
The three curves shown in each diagram 
indicate the head developed, the power 
required and the mechanical efficiency 
obtained through the range of output of 
the pump. 


‘The Model B Durant Counter 


The counter illustrated herewith is 
built by the W. N. Durant Company, Mil- 


—C_p—— : 


“B” DuRANT CouNTER 


waukee, Wis. It is of the full-geared 


type, without springs, and is provided with 
a quick-resetting device which leaves the 
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gears constantly in mesh. It is 4 inches 
long by 2% inches high. It can be op- 
erated on a very short stroke and is ac- 
curate at high speeds. 


Peters Corliss Valye Steam 
Trap 


The essential features of this trap are 
shown herewith. In operation, water 
enters at the upper part of the trap 
against a baffle, which deflects the current 
down the inside walls. Water therefore 
cannot fall on the float and subject the 
latter to continued oscillation and exces- 
sive wear from this cause. Sediment is 
washed by the current to the opposite 
end of the trap into a sediment cham- 
ber, the latter being drained by a valve 
opening to the atmosphere. The working 
valve of the trap is placed above this 
sediment chamber, thus eliminating the 
wear which the sediment might have on 
the valve, A bypass is placed in the 


Peters CorLiss VALVE STEAM TRAP 


cover, permitting a discharge independent 
of the valve opening, and a water glass 
is fitted to show the water level. 

The feature of the trap is in the valve, 
which is of the Corliss or semi-rotary 
type and consists of but three parts, the 
body, the valve and the T handle lever 
to which is attached a heavy seamless 
copper float. 

This trap has a continuous flow only 
at maximum capacities, or where the in- 
flow is equal to or greater than the out- 
flow, which latter condition sometimes 
occurs. Its normal operation is not to 
open as the water rises, but the valve 
opening is delayed until a_ sufficient 
amount of water has accumulated, when 
the pressure of steam against the valve 
is overcome by the action of the water 
on the float. Then the trap opens wide 
suddenly. When the valve closes, the 
same conditions exist and a sudden clos- 
ing is obtained, which prevents wire 
drawing. The water level is always main- 
tained above the valve, preventing loss 
of steam. Full opening and quick clos- 
ing are two valuable features which re- 
sult in a permanently tight valve under 
long continued service. This trap is be- 
ing manufactured by the Steam Appli- 
ance Company, Milwaukee, Wis. 
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The Boardman Pump Gov- 
ernor 


The Locke Regulator Company, Sale: , 
Mass., has perfected an improved go- 
ernor ‘which is recommended by the Fa-- 
tory Insurance Association of Hartfor4, 
Conn., to be used in connection with 
Underwriters’ steam fire pumps controlled 
by an auxiliary system. 

This governor has been designed for 
the special purpose of meeting the re- 
quirements of fire-pump service and em- 
braces the following new features: 


BOARDMAN PUMP GOVERNOR 


It has a single seated valve instead of 
a double balance valve, with the valve so 
constructed that it may be renewed at any 
time without removing the governor from 
the pipe. 

The governor is constructed with an 
independent water chamber which is en- 
tirely separate from the steam. The 
water chamber being constantly under 
pressure from the sprinkler system keeps 
the diaphragm cool and protects it from 
the heat that would otherwise destroy it. 
The general arrangement of the springs 
and all the parts is shown in the ac- 
companying illustration. 

The desired pressure can be obtained 
by setting the screw, shown at the bot- 
tom, which governs the tension of the 
springs. 
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SOCIETY NOTES 


The combined National Association of 
Stationary Engineers associations of 
Philadelphia, Nos. 1, 9, 12 and 20 had a 
summer outing on Saturday afternoon 
and evening, August 20. There were 
about 800 engineers and their wives pres- 
sent. A feature of the afternoon’s enter- 
tainment was a ball game between as- 
sociations Nos. 1 and 20, the former win- 
ning out by a score of 6 to 2. Supper 
was served to all and dancing until 12 


‘p.m. filled out a program which was 


thoroughly enjoyed by all. 


BOOKS RECEIVED 


SoLENOoIDS. By Charles R. Underhill. D. 
Van Nostrand Company, New York. 
Cloth; 342 pages, 5x7% inches; 223 
illustrations. Price, $2. 


ELectric Motors. By Francis B. Crocker 
and Morton Arendt. D. Van Nostrand 
Company, New York. Cloth; 291 
pages, 6x9 inches; 158 illustrations. 
Price, $2.50. 


NEW INVENTIONS 


Printed copies of patents are furnished by 
the Patent Office at 5c. each. Address the 
Commissioner of Patents, Washington, D. C. 


PRIME MOVERS 


ROTARY ENGINE. William H. Thomp- 
son, Jr., St. Thomas, N. D., assignor to Inter- 
national Roturbine E ngine "Company of Amer- 
ica, Fargo, N. D. 966, 622. 

ROTARY ENGINE. George Walter Brown, 
Ledgedale, Penn. 966,648. 

MOTOR. George E. W. Luehrmann, St. 
Louis, Mo., assignor to Wayne Manufacturing 
Company, St. Louis, Mo., a Corporation ot 
Missouri. 966,757. 


INTERNAL COMBUSTION MOTOR OR 
ENGINE. Herbert William Rowing and Vic- 
tor Watson Riley, London, England. 966,953. 

INTERNAL COMBUSTION ENGINE.  Jos- 
eph A. Nickelson, New York, N. Y., assignor 
to New York Yacht, Launch and Engine Com- 
pany, Morris Heights, N. Y., a Corporation 
of New York. 966,948. 

INTERNAL COMBUSTION ENGINE. Sig- 
urd Wiebe, New York, N. Y., assignor of one- 
half to John Quinn, Phikidelphia, Penn. 
966,972, 

EXPLOSIVE ENGINE. George A. Parker, 
Ilope Valley, R. I., assignor of one-half to 
Helen Gertrude Simmons, Hope Valley, R. I. 
967,046, 

INTERNAL COMBUSTION ENGINE. Percy 
V. Woodward, London, Ontario, Canada, as- 
Signor of one-half to “Albert W. Woodward, 
London, Canada. 967,097. 


ROTARY ENGINE. Ernest P. Dargin, Den-. 


ver, Colo., assignor to Mary E. Dargin, Den- 
ver, Colo. 967,108. 

CURRENT WHEEL. John W. Ziegler, 
Spokane, Wash., assignor of one-half to L. W. 
Willett, Spokane, Wash. 966,511. 


BOILERS, FURNACES AND GAS 
PRODUCERS 


ag Peter A. Deasy, Oakland, Cal. 


MECHANICAL STOKER. David F. Her- 
vey, Logansport, Ind. 966,547. 

LIQUID FUEL BURNER. Walter R. X - 
gomery, Shreveport, La. 966,576. inane 


CURNER FOR LIQUID FUEL Carl 
Weiss, New York, 
TAS PRODUCER. Walter Thomas, Van- 
couver, British Columbia, Canada. 966,718. 
tL BURNER. ust J. G 
Point: Gel” g arloff, Stony 


“IL BURNER. 
Kan. ‘ 967,037, et F. McMahon, Beatti, 
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SMOKE CONSUMER. 
Gulfport, Miss. 967,074. 

OIL BURNER. Henry L. Wadley, Sentinel, 
Okla. 967,089. 

WATER GRATE AND PROTECTOR. John 
G. B. Johnson, Pine Valley, Manitoba. 967,128. 


POWER PLANT AUXILIARIES AND 
APPLIANCES 


AUTOMATIC PUMP FOR INTERNAL 
COMBUSTION ENGINES. Robert W. J. 
Smith, Terrell, Tex., assignor of one-fourth to 
John C. Anderson and one-fourth to Robert J. 
Rowe, Terrell, Tex. 967,073. 

APPARATUS FOR GENERATING COM- 
BUSTIBLE VAPOR. Perey Curral Pace, Lox- 
wood, Billinghurst, England. 967,044. 

PUMP. Chester Comstock, Ridgewood, N. J. 
966,428. 

APPARATUS FOR PRIMING AND VENT- 
ING WATER PUMPS. Albert Blauvelt, Chi- 
eago, Ill. 966,423. 

GAGE GUARD. Peter G. Olson, St. Paul, 
Minn. 966,468. 

HEATING OF TURBINE PARTS. Charles 
Algernon Parsons, Newcastle-upon-Tyne, Eng- 
land. 966,588. 

COMBINED MANUALLY AND AUTO- 
MATICALLY ACTUATED VALVE.  Freder- 
ick C. Ellison, Charleston, W. Va. 966,672. 

VALVE OR GATE. Frank P. Snow, Co- 
vina, Cal., assignor to Kellar-Thomason Man- 
ufacturing Company, Covina, Cal., a Corpora- 
tion of California. 966,713. 

STEAM TRAP AND AUTOMATIC CHECK 
VALVE. Samuel V. Sharwood, Brockton, 
Mass., assignor of one-half to Edmund L, 
Reed, East Bridgewater, Mass. 966,709. 

REBOUNDING IGNITION AND SPACER 
DEVICE FOR EXPLOSIVE ENGINES. 
Stephen Dudley Field, Stockbridge, Mass., as- 
signor to Pittsfield Spark Coil C Dal- 
ton, Mass., a Corporation. 966,737. 

SUPERHEATER. William F. Buck, Chi- 
cago, Ill. 966,792. 

RECORDING PRESSURE GAGE. Edgar 
H. Bristol, Naugatuck, Conn., assignor to the 
Industrial Instrument Company, Waterbury, 
Conn., a Corporation of Connecticut. 966,790. 

VALVE. Rudolph Conrader, Erie, Penn. 
966,797. 

ENGINE VALVE. John Dillander, Temple, 
Tex. 966,810. 

FLAT ROPE OR BELT. Robert A. Ham- 
mond, Sandwich, Mass. 966,830. 

CHIMNEY FLUE CLEANER. Iver I. Oium, 
Westby, Wis. 966,853. 

METHOD OF MANUFACTURING GAS- 
KETS. Joseph M. Towne, East Orange, N. J., 
assignor to Safety Car Heating and Lighting 
Company, a Corporation of New Jersey. 
966,873. 

HAND OILER. William Rubly, Tuckahoe, 
N. Y. 966,861. 

UNION. — H. Stoddard, Somerville, 
Mass. %966,8 

VALVE. ne G. Sprado, Milwaukee, Wis., 
assignor to Allis-Chalmers Company, Mil- 
waukee, Wis., a Corporation of New Jersey. 
966,867. 


VALVE ARRANGEMENT FOR STEAM EN- 
GINES. Thomas G. Aultman, Fairmont, 
W. Va. 966.880. 

GOVERNOR MECHANISM FOR _IN- 
TERNAL COMBUSTION ENGINES.  Fred- 
erick T. Flinchbaugh, York, Penn. 966,896. 

VALVE. William Hallowell, Manchester. 
England, assignor of one-half to Henry Storey 
and William Edward Storey, Manchester, Eng- 
land. 966,909. 

PACKING. Leopold Katzenstein, New 
York, N. Y. 966,922. 

BLOWER FOR’ BOILERS. Edward B. 
Barnhill, Marion, Ind., asignor to Ernest W. 
Micklin, Detroit, Mich. 966,987. 

BOILER-TUBE CLEANER. Frank Efraim 
Carlson, Brooklyn, N. Y. 966,998. 

RELIEF VALVE. Felix H. Carssow, San 
Francisco, Cal. 966,999. 

PACKLESS VALVE. Charles Frish- 
muth, Philadelphia. Penn. 967,009. 

MEANS FOR COOLING THE CYL 
OF INTERNAI. COMBUSTION ENGINES 
Leopold Durand, Paris, France, assignor of 
one-half to Rudolf August Louis Lehmann, 
London, England. 967,117 


WATER HEATER. Donald, ,Bocus Morison, 
Hartlepool, England. 967,14 


ELECTRICAL INVENTIONS AND 
APPLICATIONS 


SYSTEM OF SORTROL. Samuel 
H. Keefer, Plainfield, J.. assignor to Niles- 
Bement-Pond Jersey City, & 
Corporation of New Jersey. © 967,133. 


VARIABLE SELF-INDUCTANCE COIN. 
Joseph Ray Jesse, Birmingham, Ala. 966,555. 


Charles Sorensen, 


1581 


ENGINEERING SOCIETIES 


AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS 


Pres., George Westinghouse; sec., Calvin 
W. Rice, Engineering Societies building, 29 
West 39th Ste + New York. Monthly meetings 
in New York City. 


NATIONAL ELECTRIC LIGHT 
ASSOCIATION 
Pres., W. W. Freeman, Brooklyn, N. Y. 
sec., T. C. Martin, 31 West Thirty-ninth St., 
New York. 


AMERICAN SOCIETY OF NAVAL 


ENGINEERS 
igi Engineer-in-Chief Hutch I. Cone, 
U .S. N. 3 sec. a treas., Lieutenant Henry C. 


Dinger, U. S. Bureau of Steam Engineer- 
ing, Navy ienshcasane Washington, D. C. 


AMERICAN — MANUFACTURERS’ 
SSOCIATION 
Pres., E. ." Meier, 11 Broadway, New 
York; sec., J. D. Farasey, cor. 37th St. and 
Erie Railroad, Cleveland, O. Next annual 
meeting at Chicago, Oct. 10-13, 1910. 


WESTERN SOCIETY OF ENGINEERS 
Pres., J. W. Alvord; sec., J. H. Warder, 
1735 Monadnock Block, Chicago, Ill. 


SNGINEERS’ SOCIETY OF WESTERN 
PENNSYLVANIA 
Pres., E. K. Morse; sec., E. K. Hiles, Oliver 
building, Pittsburg, Penn. Meetings 1st and 
3d Tuesdays. 


AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS 
Pres., Dugald C. Jackson; sec., Ralph W. 
Pope, 33 W. Thirty-ninth St., New York. Meet- 
ings monthly, excepting July and August. 


AMERICAN SOCIETY OF HEATING AND 
VENTILATING ENGINEERS. 

Pres., Prof. J. D. Hoffman; sec., William M. 

Mackay, P. O. Box 1818, New York City. 


NATIONAL OF STATION- 
ARY ENGINEERS 

Pres., William J. Reynolds, Hoboken, N. J.; 

sec., F. W. Raven, 325 Dearborn street, 

Chicago, Ill. Next convention, Rochester. 
N. Y., September 12-17, 1910. 


UNIVERSAL CRAFTSMEN COUNCIL OF 
ENGINEERS 
Grand Worthy Chief, John Cope; sec., J. U. 
Bunce, Hotel Statler, Buffalo, N. Y. | Next 
annual meeting in Philadelphia, Penn., week 
commencing Monday, August 7, 1911. 


AMERICAN STEAM ENGI- 

Supr. Chief Markoe, Phila- 
delphia, Va.; Supr. Cor. Engr., William S. 
Wetzler, 753 N. Forty-fourth St., Vhiladel- 
phia, Pa. Next meeting at Philadelphia, 
June, 1911. 


NATIONAL MARINE ENGINEERS BENE- 
FICIAL ASSOCIATIONS. 

Pres., William F. Yates, New York, N. Y.; 
sec., George A. Grubb, 1040 Dakin street, Chi. 
cago, Ill. Next sneeting, St. Louis, Mo., Jan- 
uary 16-21, 1911 


OHIO SOCIETY OF MECHANICAL ELEC- 
TRICAL AND STEAM ENGINEERS 
Pres.. O. F. Rabbe: sec. and treas., Prof. 
F. E. Sanborn, Ohio State U niversity, Colum- 

bus, Ohio. 


INTERNATIONAL MASTER BOILER 
MAKERS’ ASSOCIATION 
'Pres., A. N. Lucas: sec., Harry D. Vaught, 
95 Liberty street, New York. Next meeting 
at Omaha, Neb., May, 1911. 


INTERNATIONAL UNION OF STEAM 
ENGINEERS 
Pres., Matt. Comerford; sec., Robert A. McKee 
606 Main St., Peoria, Tll. ’ Next convention, 
Denver, Colo., September, 1910. 


NATIONAL pt HEATING AS- 


Pres., G. W. Wright, Baltimore, Md.; see. 
and treas., D. L. Gaskill, Greenville, O. 
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~ BUSINESS ITEMS 


The ‘“Mexican-Northwestern Railway Com- 
pany, of 25 Broad street, New York City, has 
recently placed a large order for motors with 
the Westinghouse Electric and Manufacturing 
Company. The order includes 168 induction 
motors, aggregating 3738 horsepower of the 
types MS and HI’, ranging from 8 to 200 
horsepower. These motors will be shipped to 
the company’s property at Madera, Chihua- 
hua, Mexico, to be used in the operation of 
the saw and planing mills. 


The Burke Furnace Company, 59 Clark 
street, Chicago, Ill., report recent sales of the 
Burke smokeless furnace as follows: Three of 
75 horsepower for the Ellsworth building, 
Chicago; two of 125 horsepower for the 
Mallers building, in the same city ; two of 150 
horsepower for the city of Batavia, Ill.; three 
of 350 horsepower and two of 225  horse- 
power for the city of Lansing, Mich.; two of 
150 horsepower for the Great Western Life 
Assurance building, of Winnipeg, Manitoba ; 
one of 300 horsepower for the Weinbrenner 
Boot and Shoe Company, and one of 225 
horsepower for the Ziegler Candy Company, 
of Milwaukee. It is a remarkable fact that 
all of the above installations are in connec- 
tion with the Continental type of boiler, with 
corrugated furnaces. This combination is 
becoming popular and some excellent econ- 
omies are shown with these outfits. 


NEW EQUIPMENT 


Point Grey, B. C., will spend $50,000 for 
a waterworks system. 


The city of Seaforth, Ont., will install a 
hydroelectric power plant. 


Farmington, Minn., has voted $10,000 bonds 
for a waterworks system. 


Rush City, Minn., will vote on issuing bonds 
for its waterworks system. 


The Salem (N. J.) Electric Company will 
erect a new modern power plant. 


A $20,000 boiler house will be erected for 
the Reading (Venn.) Iron Company. 


The city of Mulvane, Kan., voted to issue 
$30,000 bonds for waterworks system. 


The American Valve Company, Coxsackie, 
N. Y., is building a new power house. 


The New Richmond (Wis.) Roller Mills will 
install an auxiliary steam power plant. 

H. J. Heinz Company, Salem, N. J., is in- 
creasing the capacity of its power plant. 


J. S. Collins & Son, Mooreston, N. J., will 
increase the capacity of its power plant. 


The Frank C. Schilling Company, Green 
Bay, Wis., will erect a cold-storage plant. 


The city council, Rushford, Minn., will 
make extensions to its electric-light system. 


The city of Timmonsville, Okla., will vote 
on issuance of $30,000 bonds for waterworks. 


The Birmingham (Ala.) Horseshoe and Roll- 
ing Mills Company will erect a power house. 


F. E. Perry, Mill street, Gardner, Mass., is 
receiving propositions for a water-wheel gov- 
ernor. 

The New York State Training School for 
Girls, Hudson, N. Y., is erecting a new power 
plant. 


The Standard Sanitary Manufacturing Com- 
pany, Toronto, Ont., is building a new power 
house. 


The refrigerating plant of Swift & Co., 
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Troy, N. Y., was destroyed by fire. Loss, 
$40,000. 


Outlook, Sask., will equip a large new 
power house in connection with its water- 
supply system. 


Calgary, Alberta, will spend $125,000 for 
an addition to its power house and new 
equipment. 


The citizens of Morriston, 8S. D., will vote 
on the issuance of $10,000 bonds for a water- 
works system. 


The Central Iowa Produce Company, At- 
lantic, Iowa, will install an ice and cold- 
storage plant. 


Contracts will be awarded soon for new 
boilers for a municipal electric-light plant at 
Redfield, S. D. 


The village trustees, New Athens, Ill., are 
reported to be considering the construction 
of waterworks. 


The Consumers Power Company will spend 
$30,000 on improvements at its gas plant in 
Faribault, Minn. 


The Laclede Power Company, St. Louis, Mo., 
will erect a $25,000 power house at the foot 
of Mound street. 


The Quinebaug Company, Danielson, Conn., 
will install two new steam engines of 300 
and 500 horsepower. 


The Young Men’s Christian Association, 
Lawrence, Mass., will install .a horizontal- 
tubular steam boiler. 


The city of Fairmount, Minn., will issue 
$30,000 bonds for improving its electric-light 
plant and waterworks. 


R. C. Hart, city engineer, Clinton, Iowa, has 
been instructed to prepare plans for water- 
works to cost $600,000. 


Sloan & Robson, San Francisco, Cal., will 
prepare plans for waterworks and a sewer 
system for Alturas, Cal. 


The Stanley Works, New Britain, Conn., 
will soon install a new 500-horsepower steam 
turbine and generator set. 


The Cleveland (Ohio) Electric Illuminating 
Company has secured a permit for the erec- 
tion of a new power house. 


The city of Floresville, Tex., will install an 
engine and air compressor in its waterworks 
plant. Address the mayor. 


The Hammonton & Egg Harbor City Gas 
Company, Hammonton, N, J., will increase the 
capacity of its power plant. 


The Salem (N. J.) Glass Company will 
increase the eapacity of its power plant. 
New boiler will be installed. 


The city trustees, Porterville, Cal.. are said 
to be considering an expenditure of $25,000 
for an auxiliary water plant. 


An election will be held at Olathe, Kan., to 
vote on issuing $100,000 bonds for waterworks. 
Mattie A. Burns, town clerk. 


Plans have been completed for a new power 
house for the Mt. Vernon Railway and Light 
Company, at Columbus, Ohio. 


The Crystal Ice Manufacturing Company, 
Argenta, Ark., will double the capacity of its 
plant, expanding about $50,000. 


The Ohio Valley Scenic Route, of Toronto, 
Ont., has purchased a building, which will be 
converted into a power house. 


The Citizens Light, Heat and Power Com- 
pany, Montgomery, Ala., will spend $50,000 
on new equipment for its plant. 


The Cumberland Glass Company, Bridge- 
ton, N. J., is to increase the capacity of its 
power plant. Will install new boiler, ete. 
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An addition is being erected to the pow. 
house of the Toledo (Ohio) Railway a: j 
Light Company, at the foot of Madison stre: 

The San Jacinto Rice Company, Elena, Tex. 
is in the market for a 30-inch centrifug:i 
pump for irrigation purposes. J. F. Jones 
engineer. 


The city of Warrenton, Mo., voted $25,000 
bond issue for waterworks and sewer systein. 
Fuller-Coult Company, Chemical building, st. 
Louis, engineers. 


Bids will be received until September 20, 
by the board of water commissioners, Detroit, 
Mich., for a pumping engine of 25,000,000 
gallons capacity. 


The city council, Clinton, Iowa, has passed 
a resolution instructing the city engineer to 
prepare an estimate of the cost of installing 
a modern municipal water plant. 


The Navy Department, Bureau of Supplies 
and Accounts, Washington, D. C., will open 
bids September 8, for 36 steam gages, 1500 
water-gage glasses as per Schedule No. 2830. 


The Sterling-Moline Traction Company has 
awarded contract for the construction of a 
road. Power plant will be erected at Lyndon, 
Ill. The offices of the company are at Ster!l- 
ing, Ill. 


The Navy Department, Bureau of Supplies 
and Accounts, Washington, D. C., will open 
bids September 6, for two turbo-generating 
sets for the Brooklyn navy yard as per Sched- 
ule No. 2826. 


J. G. White & Co., Inc., of New York, have 
been awarded contract for the construction of 
a hydroelectric power plant for the Eastern 
Tennessee Power Company, at Parksville, 
Tenn. This is to cost about $2,000,000. 


Bids will be received by the board of water 
commissioners, Evansville, Ind., until Septein- 
ber 29, for two steam-driven pumps or pump- 
ing engines for supplying water to its filtra- 
tion plant, each to have a daily capacity of 
12,000,000 gallons. 


HELP WANTED 


Advertisements under this head are in- 
scerted for 25 cents per line. About siz words 
make a line. 


SALESMEN—wWe have an A-1 propositio 
for high-grade salesmen. Address Box 247, 

WANTED—tThoroughly competent steam 
specialty salesman; one that can sell high- 
grade goods. Address “M. M. Co.,” Powrn. 

MASTER MECHANIC for blast furnace 
plant in Virginia; state qualifications and 
salary expected. Address “‘W. H.,” Power. 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn _ street, 
Chicago. 

AGENTS WANTED on ‘high-class steam 
specialties; give full particulars as to terri- 
tory, ete. Address Box 246, Care Power, 
150 Michigan Ave., Chicago, Ill. 


WANTED—Engineer to take charge of gas 
engines, refrigerating machinery and producer 
plant; young man who is ambitious, familiar 
with vertical type of producer-gas engine. Box 
248, Power. 

STEAM SPECIALTY SALESMEN—Some 
open territory for the best steam specialty 
ever offered; excellent side line; pocket 
sample; virgin field. Weiss Brothers Mfg. 
Company, Detroit, Mich. 


WANTED—Waterworks engineer to take 
charge of machinery and distributing system 
of about three million gallons capacity daily; 
no one but man of experience wanted: refer- 
ences required. Address James J. Sweeney, 
President, Owensboro Water Works 
Owensboro, Ky. 


WANTED—Agents to sell on commission 
highest grade steam specialties on market: 
energetic, capable specialty salesmen can 
make big profits: none others need apply: 2 
gilt-edged proposition for high-grade salesmen 
from a very reliable and established manufac- 
turer. Address W. T. Jameson, 100 Surrey 
Road, Mansfield, Ohio. 
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